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Abstract

IMPROVING THE PRODUCTIVITY OF IMPORTED DAIRY CATTLE ON SMALL-HOLDER
FARMS IN MOROCCO THROUGH SUPPLEMENTATION WITH FISH SILAGE BLOCKS.

The present study was designed to identify problems that lower the productivity of imported
dairy cattle in Morocco. For this purpose, a comprehensive survey was carried out on 8 small-holder
farms over a period of two years. Analysis of the data collected indicated that in most of the herds
reproductive performance was adequate (calving intervals ranging from 338 ± 11 to 420 ± 31 and
services to conception ranging from 1.14 ±0.13 to 1.91 ± 0.3), but the animals had difficulty in
meeting the nutrient requirements for milk production. Although some farmers provided supplements
to their animals they were either expensive or not available at the required time. One possible way of
alleviating the problem was the introduction of a fish by-product into the dairy cattle ration. Two
experiments were conducted, one at the Institute experimental farm and the other at a private farm
selected for the survey. In both experiments, fish silage blocks were incorporated into the ration of
dairy cattle in replacement of an equal amount of the most commonly used supplements. The
introduction of fish silage blocks in the ration did not affect their intake or body condition. In
addition, the yield and quality of the milk were maintained. This substitution allowed the farmer to
utilize by-products from the fish industry which are readily available and less costly than most
conventional supplementary feeds. It is concluded, that the proposed utilization of fish silage blocks
will reduce the production costs and improve the economic efficiency of the small-holder farms.

1. INTRODUCTION

Rapid urbanization around large cities of Morocco has led to increased demand for milk
from peri-urban small-holder cattle and has been behind the development of a new dairy cattle
production system. Within this system, encouraged by the Moroccan Department of
Agriculture, the small holder farmers have been replacing their local low-milk producing
cattle by imported European Friesian. Also, several centers for production of Holstein semen
for artificial insemination were created to maintain the genetic improvement of the dairy
cattle. Little irrigation is practised from wells and green fodder contributes less than 10% to
the total feed. There are indications that milk production averaged 4000 kg for a 305 day
lactation period from the imported cattle, which are supposed to produce almost twice as
much. They also suffered from poor reproductive performance, especially prolonged post-
partum acyclicity during the dry season. However, poor nutrition has been identified as a
major factor contributing to the low production of imported dairy cattle and there is the need
to improve the nutrition of cows through supplementation with protein and energy sources.
There are several feed resources that the farmer can buy from the market. However, the feeds
needed are expensive and not found at the right time of the year. One possible way of
alleviating the problem is the introduction of fish silage blocks as a feed supplement during
the most critical stages of the production cycle. Fish silage blocks are easy to prepare and cost
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half the price of the most commonly used concentrates. It should be noted.that large quantities
of fish wastes are generated from seafood processing and urban fish markets. Disposal of
these wastes presents a major problem because of their objectionable odour and high moisture
content. Research has confirmed that fish wastes are a useful protein source for swine [1],
poultry and ruminants [2]. The possibility of incorporating fish silage blocks into the ration
was proposed and accepted by small-holder farms, especially when considering that the cost
offish silage is only about half the price of any concentrate feed having a similar composition.

The present work was designed to identify some of the problems that lower the
productivity of the herd and periods of high risk when nutritional and management strategies
are required. The first phase of the study, (December 1994 to December 1996) was devoted to
a comprehensive survey of the production system selected, based on data collected from 8
farms. In the second phase, fish silage blocks were introduced into the dairy cattle ration to
investigate possible beneficial effects of replacing the most commonly used concentrate feeds
which are expensive and not always available.

2. MATERIALS AND METHODS

2.1. Characteristics of the farms selected

More than 20 dairy farms were visited and 8 of them were retained according to
predetermined criteria of selection (breed of cattle, production system, flexibility and
willingness of the farmer to co-operate). All the farms selected were located in a flat area
about 40 km south of Rabat. This region is characterized by a temperate and humid climate
(near the Atlantic Ocean) with temperatures ranging from 10°C in winter to 30°C during
summer. The selected farms have herds composed of imported Friesian cattle. Artificial
insemination is practised and milk is transported daily to the city for commercial processing.
The characteristics of the selected farms are shown in Table I.

TABLE I. CHARACTERISTICS OF THE SELECTED FARMS

Farms

Farm size (ha)
Irrigated area (ha)*
Rain fed area (ha)*
Number of cows
Number of cows selected

1

7
2
3
11
11

2

8
1
2

14
14

3

20
2
5

12
12

4

100
4

36
50
37

5

15
2
5
7
7

6

15
1
3
8
8

7

48
2

18
18
18

8

8
1
2

12
12

* Irrigation was practised during the dry season by pumping water from wells, whereas the fodder production in
the rain fed area was depending on the rain-fall

2.2. Parameters studied

One hundred and fifteen cows were selected from the eight different farms. The farms
were visited weekly for collection of milk samples for progesterone assay, and monthly in
order to record the production and reproduction parameters. Information on age, breed type,
health status, parity, date of calving and date of breeding were collected from each cow
selected for the study. During the monthly visits, feed intake, milk production and the
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nutritional status, including body condition score (BCS) and heart girth measurements of the
cows, were assessed and feed samples were taken for chemical analysis. Milk samples for
progesterone assays were collected once a week from newly calved cows until confirmation of
pregnancy by rectal palpation. Potassium dichromate tablets were used as a preservatives and
the collected milk samples were centrifuged for 10 min and then the skim-milk was
refrigerated until progesterone assay. The milk production of individual cows was measured
by the farmers, who were supplied with a measuring container, on the day before the monthly
visit. For farms where suckling was allowed, usually a quarter of the udder was reserved to
the calf and its production was estimated. For feed intake, the inventory of feed types
(roughage, concentrate and green fodder) and amounts fed (kg/cow/d) were recorded and
accordingly, estimated monthly for the herd of the same farm. Sub-samples of feeds were
collected from every farm and dry matter was determined by drying the sample at 105°C for
24h. Ash content was determined by overnight ashing of the sample at 550°C and Kjeldhal
technique was used to determine the nitrogen content of feeds [3]. The net energy value of
rations used at different farms was estimated from tables of net energy values [4].

2.3. Preparation of fish silage blocks and utilization by dairy cattle

Fish waste, collected from the fish market in Rabat, was mixed with sugar cane
molasses in a silo (60% fish waste and 40% molasses) made at the farm. The mixture was
stirred daily for two weeks in order to allow fermentation of soluble sugars of molasses by
naturally present lactic acid bacteria and the decrease of pH from 5.8 to 4.5. At this pH, the
mixture became stable and fish odour disappeared. The fish silage was then hardened by
adding about 10% wheat bran, formed into blocks of 2 to 5 kg and dried under the sun for
several days. Blocks were fed to dairy cattle to substitute an equal amount of the most
commonly used concentrate feed. Two experiments were conducted, one at the Institute
experimental farm and the other at a private farm (farm number 7) from those selected for
Phase I of the study.

2.3.1. Experiment at the Institute farm
Ten crossbred, (Holstein x Brown of Atlas) multiparous dairy cows were chosen from

the experimental dairy farm of the institute. The cows were at their 6th week of lactation at
the start of the experiment with an average body weight of 450 kg and average daily milk
production of 15 kg. All cows were housed in individual stalls and were given a basal diet of
40 kg of berseem fodder daily. They were randomly divided into two groups of five cows
each, receiving two different concentrates. Concentrate A, a control diet of 3 kg (Group A),
composed of 70% wheat bran, 26% sunflower meal and 4% salt, vitamins and mineral
supplement and Concentrate B, a treatment diet of 3 kg (Group B), composed of 100% offish
silage blocks. The fish silage block diet was used to substitute gradually an equal amount of
Concentrate A over a two week period of adaptation. Feed intake and milk production were
measured daily from the 6th week of lactation onwards until the 19th week. Milk samples
were collected weekly and analyzed for milk fat, protein and lactose.

2.3.2. Experiment at private farm
Sixteen multiparous Holstein cows were selected from Farm 7 and allocated to two

groups, Fish silage group and Sunflower meal group. Cows were paired according to the stage
of lactation and parity. The experiment started with an adaptation period of three weeks in
which the two groups of cows received a ration composed of 40% oat forage and 60%
concentrate. The concentrate was made of 40% barley grain, 40% wheat bran and 20%
sunflower meal for the sunflower meal group while in the fish silage group, a progressive
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substitution was made to replace 40% of the concentrate by fish silage blocks at the end of the
control period. In the second period (trial period) of four weeks, the sunflower group received
the same concentrate feed of the adaptation period, while in the fish silage group the total
amount of sunflower meal and half of the barley grains of the concentrate were replaced by
fish silage blocks. This substitution was made based on the chemical analysis of the
concentrate feed ingredients which indicated that 1 kg of fish silage blocks contained a similar
amount of crude protein and energy as compared to 0.5 kg of barley grain and 0.5 kg of
sunflower meal. The trial period was followed immediately by a control period in which the 2
groups of cows received the same ration of the sunflower meal group. Feed intake and milk
production were measured weekly while body weight of cows was estimated by heart girth
measurement. Milk samples were taken weekly and analyzed for fat, protein and lactose
contents. Sensorial analysis of the milk was assessed using 40 human subjects who received
samples of milk coming from the two group of cows during the trial period. The test subjects
were asked to detect any difference in milk taste.

2.4. Statistical analysis

Data collected during Phase I were entered in a dBbase IV program, and was used to
investigate the effects of farm, season and ration composition on the investigated parameters.
The data are presented in the proceeding tables as means with the standard of deviation. For
the experiment at the institute farm, Student's t test was used to investigate the treatment
effects. The paired t test was used for the experiment at the private farm to compare
statistically, means of body weight, feed intake, milk production and milk composition. To
evaluate the results of the sensorial analysis, the probability of false or true response was
determined and compared with the probability of binomial distribution with a significance
level of 5%:

3. RESULTS AND DISCUSSION

3.1. Phase I

Diet composition and chemical analysis of rations fed for two successive production
cycles are presented in Table II. Concentrate feed, composed of grains and agricultural by-
products contributed to more than 50% of the ration whereas, the amount of fodder varied
from an average of 0.2% in dry season (July to December) to 8.7% in the rainy season
(January to June). Although, some farms (Farms 4 and 7) have a substantial land area for
fodder production, water for irrigation was very limited, especially in the dry season. During
the rainy season, the average dry matter intake (as a percentage of live body weight) was
slightly lower and the average crude protein content of the ration was higher compared to the
dry season implying that cows received more balanced ration for milk production during the
rainy season. Minerals and net energy content of the rations were similar for both seasons.
However, during the second production cycle, cows received a higher amount of concentrate
with a higher energy and protein content in the ration which may be due to more rain-fall
observed in 1996.

Dry matter intake, the production and composition of milk at peak lactation for the
farms investigated are presented in Table III. The average dry matter intake per farm
measured at peak of lactation varied from 14.1 kg (for Farm 4) to 16.0 (for Farm 6). Although
dairy cattle in the farms studied have the same genotype, comparable live body weight and
parity, significant differences in milk production were noticed which were the result of quality
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of feed received by the animals. Highest peaks in milk production were pbserved on Farms 7
and 8 with an average of 22 kg milk/d from cows receiving a ration containing an average of
4.4 MJ of net energy and 145 g of crude protein/kg DM. The lowest peaks of milk production
were observed on Farms 5 and 6 with an average of 14 kg of milk/d from cows of the same
genotype receiving a ration containing an average of 3.6 MJ of net energy and 103 g of crude
proteins/kg DM. The performance of Farm 1 and 3 were intermediate with respect to feed
quality and milk yield. Milk production at peak of lactation was positively correlated with
protein content of the diet when considering the data of all the farms(r = 0.947, P <0.01). It
appears from the present data that the imported cows have the genetic potential for a higher
milk production and farms applying the feeding standards for dairy cattle are showing better
production.

TABLE II. PHYSICAL AND CHEMICAL COMPOSITION OF FEEDS AND THEIR VARIATION
WITH SEASON OVER TWO SUCCESSIVE PRODUCTION CYCLES*

Production cycle 1995 Production cycle 1996

Dry season Rainy season Dry season Rainy season

Diet composition (%)
Concentrate 49.8 ± 15.05 51.9±8.2 63.4± 11.06 57.4 ± 12.3
Roughage 51.0 ±9.6 39.4 ±5.3 36.1 ±7.14 34.7 ±7.4
Green fodder 0.2 ±0.12 8.7 ±2.0 0.5 ±0.31 7.9 ±3.0

Chemical analysis
DM intake (%LW) 3.61 ± 1.08 3.30 ± 0.87 3.56 ± 0.68 3.28 ± 0.63
Crude Protein (%DMI) 11.98 ±2.27 12.82 ±2.42 12.14 ±3.2 13.65 ±3.71
Net Energy (MJ/kg DM) 3.66± 1.43 3.66±1.40 4.71 ±1.06 4.38 ± 1.19
Minerals (%DMI) 7.53 ±1.55 7.16 ±1.44 7.69 ±1.88 7.61 ±2.05

* Means and standard deviations for data collected during the monthly visits to each farm. January to June was
considered as the rainy season, whereas July to December was considered as the dry season. LW and DMI are
live weight and dry matter intake, respectively

TABLE III. NUTRIENT INTAKE AND MILK PRODUCTION AT PEAK LACTATION FOR THE
STUDIED FARMS

Farms

Dry matter
intake (kg)

Crude protein
(g/kg DM)

Net Energy
(MJ/kg DMI)

Milk production
(kg)

1

15.1
±0.6

129
±0.5

5.1
±1.9

18.9
±1.3

2

14.3
±0.6

124
±0.4

4.2
±-0.8

15.8
±-0.8

3

15.1
±0.7

126
±0.5

3.9
±-0.9

19.0
±-0.9

4

14.1
±0.5

116
±0.4

4.6
±1.3

14.4
±-0.4

5

15.8
±1.2

99
±0.5

3.8
±1.4

13.6
±1.6

6

16.0
±0.9

106
±0.6

3.5
±0.9

14.6
±1.4

7

15.1
±0.8

153
±0.6

4.4
±-0.6

22.8
±0.6

8

15.9
±1.0

139
±0.4

4.4
±0.9

21.1
±0.9

* Means and standard deviations of 24 determinations of dry matter and crude protein intake. The net energy of
feeds was estimated [4] and milk production at peak lactation was averaged for all cows selected for the study
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Changes in live body weight and body condition during the post-partum period of 105
days are presented in Table IV. It is considered that 105 days is the necessary time for any
body tissue losses to occur due to milk production and after this period dairy cattle gain
weight. Changes in body weight and body condition scores were positively correlated for all
farms. Cows on Farms 7 and 8 showed less body tissue mobilization and less variation in
body condition score during the post-partum period whereas, cows on Farms 1 and 5 had
more body tissue mobilization for milk production. The amount and the extent of body tissue
reserves mobilized for milk production by cows at different farms were in the range of values
observed in other dairy cattle breeds [5].

TABLE IV. VARIATIONS IN BODY WEIGHT AND BODY CONDITION DURING 105 DAYS
POST-PARTUM

Farms

Body weight (kg)

Days post-partum
0

15
45
75

105
Body weight
change (kg)*

480±17
477±15
454±14
450±16
458±17

-30

478±10 482±10 468±6468±18 495±15 470±9465±14
475±9477±12 464±7466±15 493±15 466±10 463±13
462±9469±12 459±6450±13 490±16 461±12 460±10
465±8464±13 461±6452±13 484±14 462±12 459±14
467±8460±12 464±8449±13 481±15 459±11 457±13

-16 -22 -9 -19 -14 -11 -8

Body condition score

Days post-partum
0

15
45
75

105
Body condition
change*

3.8±0.2 4.3±0.2
3.7±-0.1 4.2±0.1
3.4±-0.1 3.8±0.2
3.3±-0.2 3.9±0.3
3.3±-0.2 3.7±0.2

5.0±00.2 3.8±0.1 4.4±0.3 3.9±0.3 4.2±0.2 4,5±0.2
4.9±-0.3 3.6±0.2 4.3±0.2 3.8±0.4 4.1±0.1 4.4±0.3
4.6±-0.3 3.5±-0.1 3.8±-0.2 4.0dt0.3 4.0±0.1 4.3±0.2
4.7±0.2 3.6±-0.1 3.8±-0.2 3,8±-0.3 4.0±0.2 4.4±-0.2
4.6±-0.2 3.7±-0.2 3.8±-0.3 3.6±0.4 4.1±-0.1 4.3±0.1

-0.5 -0.6 -0.4 -0.3 -0.6 -0.4 -0.2 -0.2

* Body weight and body condition (1 to 9 scale) change were calculated as the difference between body weight
and condition at calving and the body weight and body condition after 105 days post-partum

Data on post-partum intervals and the number of services per conception are shown in
Table V. The interval between calving to progesterone rise ranged from 29.4 days for Farm 2
to 107.8 days for Farm 6 with an average of 51.8 days for all the studied farms. Calving to
mating interval averaged 93.8 days for all farms with higher values for Farms 1 and 6 and
lower value for Farms 3 and 8, indicating a delay of up to 42 days from the first post-partum
ovarian cycle to the subsequent mating. The calving to conception intervals and calving
intervals recorded for all farms averaged 109 and 383 days, respectively, which are in the
range of values observed under more favourable dairy production systems [6]. However, it
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should be noted that the calving interval was significantly (P <0.05) longer for Farms 5 and 6
and significantly (P <0.05) shorter for Farms 3 and 8. The number of services per conception
averaged 1.45 and was higher for Farm 5 and lower for Farms 7 and 8. A negative correlation
was obtained between the duration of calving to conception interval and the protein content of
the diet for all farms (r = 0.914, P <0.01). Farms 7 and 8 showed better reproductive
performance compared to Farms 5 and 6.

TABLE V. REPRODUCTIVE PERFORMANCE OBSERVED IN THE STUDIED FARMS

Farms

1
2
3
4
5
6
7
8
Mean

Number of Calving to
observations 1 & P4 rise

12
20
18
66

9
11
33

7
—

(days)

49.3±13.2
29.4±4.5
40.2±5.2
43.7±8.2
65.1±0.3

107.8±14.2
41.7±6.2
37.6±3.9
51.8±8.2

Calving to
Mating

- (days)

104.8±18.1
85.5±7.3
78.9±6.1
96.2±7.7
94.3±6.8

112.3±21.5
88.2±6.8
62.2±9.2
93.8±6.5

Calving to
Conception

(days)

110.1±18.5
103.9±10.9
102.2±10.8
125.9±8.9
142,6±22.9
150.4±26.4
102.9±7.9
68.1±6.3

109.1±8.8

Calving
interval
(days)

380.1±23.2
373.8±15.8
372.1=5=15.5
395.9±14.5
412.6±27.8
420.4±31.3
372.9±13.1
338.1±11.4
383.2±8.6

No. of services
per conception

1.17±0. 11
1.45±0.17
1.39±0.11
1.46±0.09
1.78±0. 31
1.911-0.30
1.33±0.13
1.14±0.13
1.45-±0.09

* For some farms the number of observations is higher than the number of animals because the reproductive
performance of most of cows were studied for two successive production cycles. The low number of
observations for farm 8 was due to participation in the survey for one year only

3.2. Fish silage supplementation phase

The fish silage blocks after drying in the sun for several days had a dry matter content of
80% ± 5. It had a crude protein content of 26.7%, fat content of 7.52% and soluble sugar
content of 30.2%, on DM basis. It was high in ash (18.2%) and contained 1.2% calcium and
0.9% phosphorus.

3.2.1. Experiment at the Institute farm
Data on dry matter intake and milk yield of cows used for the experiment carried out at

the Institute farm are presented in Table VI. Total dry matter intake did not differ significantly
with respect to the type of concentrate. However, there was a trend for greater intake of
roughage in cows supplemented with fish silage blocks. Although not statistically significant,
milk production was numerically greater (10% higher) for cows fed fish silage blocks
compared to those fed the sunflower meal supplement. The data on milk production were
regressed against time for the three month period of the study and comparable regression
coefficients were obtained for the control diet (r = -0.053 ± 0.012) and the fish silage diet (r =
-0.054 ± 0.014) indicating that the pattern of the lactation curve was not affected by the ration
composition.

Milk was analyzed for its composition during the 6th, 10th, 14th and 18th week of
lactation and the data are presented in Table VII. Unlike milk yield, milk fat content was
lower in cows which received the fish silage blocks. However, the difference was not
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statistically, significant. There was a trend for a decrease in milk fat percentage with the course
of lactation. Concerning milk proteins and lactose, there was no significant difference which
could be related to ration composition and the data obtained were comparable for the two
groups of cows.

TABLE VI. DRY MATTER INTAKE AND MILK PRODUCTION AT DIFFERENT STAGES OF
LACTATION WITH RESPECT TO THE TYPE OF SUPPLEMENTATION

Weeks of lactation 6th 9 * 12* 15*

Dry matter intake (kg)
Group A (sunflower) 15.4 ±0.6 12.8 ±1.1 10.5 ±0.7 12.3 ±1.2 12.8 ±0.5
Group B (fish silage) 15.8 ±0.7 12.2 ±1.2 12.0L±0.9 13.1 ±0.6 13.3 ±0.5

Milk production (kg)
Group A (sunflower) 14.6 ±1.2 12.6 ±1,1 12.8 ±0.8 12.5 ±0.8 8.3 ±0.6
Group B (fish silage) 15.3 ±0.6 14.5 ±0.8 14.2 ±1.7 14.1 ±1.1 9.1 ±0.8

* Data are means and standard deviations for each group of 5 cows during 18 successive weeks of lactation

TABLE VII. MILK COMPOSITION AT DIFFERENT STAGES OF LACTATION IN DAIRY
CATTLE FED TWO DIFFERENT FEED SUPPLEMENTS

Weeks of lactation

Milk fat (g/kg)
Group A (sunflower)
Group B (fish silage)

Milk protein (g/kg)
Group A (sunflower)
Group B (fish silage)

Milk lactose (g/kg)
Group A (sunflower)
Group B (fish silage)

6*

40.9 ±
36.0 ±

29.1 ±
28.0 ±

51.8±
50.1 ±

1.6
2.1

0.3
0.6

0.3
0.2

36.7 ±
34.4 ±

26.8 ±
26.7 ±

48.1 ±
50.1 ±

10*

0.9
1.3

0.2
0.4

0.5
0.3

14*

32.7 ±1.7
29.5 ± 2.3

28.4 ±0.1
28.6 ± 0.3

47.7 ± 0.7
49.4 ± 0.6

34.7
31.5

29.9
29.1

49.0
50.3

18*

±1.3
±1.6

±0.5
±0.6

±0.4
±0.8

* Data are means and standard deviations for each group of eight cows during 18 successive weeks of lactation

3.2.2. Experiment at the private farm
During the adaptation period of 2 weeks, fish silage blocks were introduced in the ration

progressively up to 40% of the concentrate distributed to the treatment group. The fish silage
was well accepted and the total ration was fully consumed by both groups. No significant
changes in dry matter intake and live body weight were observed between the 2 groups (Table
VIII) indicating that the substitution in the ration did not affect the feeding behaviour of the
cows. Milk production was declining with the stage of lactation but was not influenced by the
fish silage substitution in the ration and comparable levels of production were obtained in the
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two groups (Table EX). Milk composition was not affected by the treatment and more
variations were observed between cows belonging to the same group.

TABLE VIII. DRY MATTER INTAKE AND LIVE WEIGHT CHANGE IN EARLY LACTATION
IN TWO GROUPS OF COWS RECEIVING DIFFERENT SUPPLEMENTS

Weeks of lactation* 2nd 4th 6th gth

Dry matter intake (kg/d)
Sunflower group 17.01 ±4.05 15.1 ±3.5 14.85 ±4.29 14.59 ±3.66
Fish silage group 17.27 ±3.08 15.4 ±3.9 14.36 ±3.51 15.03 ±3.49

Live body weight (kg)
Sunflower group 493.6 ±74.4 480.0 ±67.5 472.1 ±65.1 479.6 ±62.4
Fish silage group 544.5 ±58.5 511.6 ±42.5 505.3 ±45.2 518.9 ±50.2

* The data are means and standard deviations for measurements done during successive weeks of lactation on
eight cows of each group.

TABLE IX. MILK PRODUCTION AND COMPOSITION WITH RESPECT TO THE TYPE OF
FEED SUPPLEMENTATION IN DAIRY CATTLE

Weeks of lactation* 2nd 4 * 6 t h 8 t h

Milk production (kg/d)
Sunflower group 18.33 ±5.31 18.66±3.97 17.0±4.26 16.71 ±4.60
Fish silage group 18.50 ±4.15 16.85 ±6.24 16.57 ±4.53 16.57 ±4.58

Milk fat (g/L)
Sunflower group 35.95 ±2.12 34.43 ± 5.66 36.18 ±5.32 35.06 ±4.47
Fish silage group 35.53 ± 7.98 32.57 ±5.28 33.14 ±6.15 34.92 ±6.92

Milk proteins (g/L)
Sunflower group 28.68 ±3.26 32.07 ±3.03 33.52 ±3.80 33.28 ±3.40
Fish silage group 31.56 ±2.81 31.08 ±2.06 33.57 ±3.58 32.58 ±3.07

Milk lactose (g/L)
Sunflower group 46.0 ± 3.30 47.28 ± 2.68 47.56 ± 1.29 47.37 ± 2.40
Fish silage group 46.78 ±2.15 47.33 ±1.09 47.69 ±1.38 47.54 ±1.90

* The data are means and standard deviations for measurements done on eight cows of each group

The sensorial analysis of the milk was assessed by 40 human subjects receiving milk
samples coming from the two groups of cows. This test of milk tasting was done twice, during
the control period and the trial period where both groups of cows received a ration of similar
composition. During the trial period, 18 out of 40 declared a difference in the taste of milk
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while in the control period the ratio was 19 out of 40. The statistical, analysis of the data
showed no difference in the taste of the milk coming from the two groups of cows.

3.2.3. Analysis offish silage utilization in dairy cattle
The fish silage blocks were used as concentrate in the diet of dairy cattle and no effect

on the palatability of the ration was observed. In addition, there was no change in quality,
taste or odour of the milk produced. Surprisingly, in the trial conducted at the Institute
experimental farm, milk yield was about 10% higher and milk fat was about 9% lower in
cows receiving fish silage blocks. However, the data on milk protein and lactose were similar
for the two groups indicating that the variation in volume and composition of milk was not a
result of sample dilution of milk, but presumably related to a nutritional factor. In this regard,
Enj albert [7] reported that protein and lactose content of milk are less dependent on nutrition
than the fat content and Sutton [8] found that with high amounts of soluble carbohydrate the
milk production increased by 280 g and milk fat decreased by 1 g/kg. Alvarez [9] reported that
in dairy cattle an excess of soluble sugar in the ration reduced the acidity of the rumen and
increased the ratio of C3 to C2 VFA which is not favourable for milk fat. Milk production and
milk fat content can be modified by dietary lipids. According to Enj albert [7], diets rich in
lipids, especially in unsaturated fatty acids, depresses the cellulolytic activity in the rumen and
increases the ratio of C3 to C2 VFA's. Therefore, milk production was increased and milk fat
content was depressed in dairy cows receiving a high amount of lipids and carbohydrates in
the diet. In the present study, the fish silage blocks were rich in soluble sugar (molasses) and
lipids (7.52% of DM with high amount of unsaturated fatty acids), which may explain the
observed difference in milk production and composition in agreement with Enj albert [7] and
Sutton [8]. To our knowledge, the literature on the utilization of fish silage in dairy cattle is
very limited. A study done in Norway by Kjos [10] indicated that the incorporation of 6% of
fish silage in rations of dairy cattle had no influence on feed intake, milk production and milk
composition. However, when a concentrate was incorporated in the fish silage the fat content
decreased and milk protein increased as compared to pelleted concentrate fed with fish silage.
Kjos [11] suggested that the mixing process reduced the effective ruminal degradability of
fish silage protein which improved the protein content of the milk. In another study done in
Cuba, Perez [12] reported data indicating that the addition of lkg of fish silage to the daily
diet of grazing dairy cattle during the winter season maintained milk production at a level
comparable to that obtained during the wet season.

4. CONCLUSION

The data analyzed from Phase I indicated that some farms have limited reproductive
performance and had difficulties in meeting the nutrients requirements of their cows. Some
farmers lacked information about feed quality and the importance of meeting the protein and
minerals requirements of their dairy cattle and the variation in feed requirements with respect
to the level of production. However, some were aware of the importance of feed
supplementation but were unable to do so because of the high cost and the poor availability of
most conventional supplementary feeds. It has been shown from the present studies done at
the institute and private farms that fish wastes from the market or processing factories,
fermented in molasses and formed into blocks, can replace more conventional sources of
concentrate feed for dairy cattle at low cost. The utilization of fish silage blocks in the ration
up to 40% did not affect the appetite and body condition of cows. In addition, the yield and
the quality of the milk were maintained. This substitution in the ration allowed the farmer the
utilization of fish by-products which reduced the production cost and improved the economic
efficiency of the small farms.
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