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THE USE OF SWEET POTATO (Ipomoea batatas, (L) Lam) IN ANIMAL FEEDING
II BEEF PRODUCTION
J Backer1, M E Ruiz, H Munoz and A M Pinchinat2
Centro Agronomico Tropical de de Investigacion y Ensenanza (CATIE), Turrialba,
Costa Rica

3.5 ha of sweet potato were used to feed 30 crossbred Brahman bulls with an average weight of 184
kg and approximately one year old in an experiment to study the use of sweet potato in beef production.
The five treatments were allocated to the experimental units in an unrestricted randomized block
design. Treatments contained 0:100, 25:75, 75:25, 50:50 ant 100:0 ratios of tubers to sweet potato forage
(on a try matter basis) supplemented with urea to provide 0, 18, 35, 53,and 71% of total nitrogen
respectively. An additional treatment of 38.6% molasses, 60.2 of the aerial parts of sweet potato and
1.2% urea was also used with. the aim of comparing its effect with the 100% tuber treatment under the
same conditions of energy and protein. All the rations contained 11.25% of crude protein.
Food intake did not vary averaging 2.37 and 0.29 kg/100g LW/d for dry matter and crude protein
respectively. The mean energy intake was 5.57 Mcal metabolizable energy/100 kg LW/d and this
increased as the proportion of tubers in the ration increased. In addition, dry matter digestibility increased
from 62 -92% as the proportion of tubers increased, The molasses treatment resulted in slightly higher
intakes (2.75 kg/100 kg LW) even though its in vitro digestibility was lower (56%).
Liveweight gain did not differ significantly between treatments. The mean being 0.767 kg/animal/d.
The mean feed conversion efficiency was 7.06kg DM/kg LW gain. In the molasses treatment liveweight
gain and feed conversion efficiency were poorer compared to the 100% tuber treatment, the values
obtained were 0.623 kg/animal/d and 9.0 kg intake/kg gain.
Economic considerations revealed that 12% of the tubers had no commercial value. The use of this
material together with the sweet potato forage for feeding to the cattle, could produce a profit of 38% thus
providing a new' alternative for the livestock producer.
From these results we can conclude that the forage and the tuber of sweet potato can be considered
as a very useful feed for cattle; that the addition of tubers and urea to forage improves liveweight gain
and feed conversion efficiency and that the we of forage and west. tubers of sweet potato as a feed for
livestock has economic advantages for the small producer.

Key words: Sweet potato, feeding-of butts, intake of forage and tubers, bio-economic
efficiency
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Agricultural plants like sweet potato, besides yielding commercial products yield
residues which can be used for animal production. The potential production of certain
varieties of sweet potato can reach 25 tonnes of tubers/ha/ harvest (More Vargas
1969; Zumbado 1967; Pinchinat 1970; Ruiz et al 1980). Production of forage ranges
from 4.0 - 5.6 tonnes DM/ha/harvest depending on the variety (Ruiz et al 1980). The
chemical composition of the forage shows DM contents of 12 - 17% and DM
digestibility of greater than 70% (Ffoulkes et al 1978; Ruiz et al 1980).
In beef production in temperate zones dried tubers have replaced traditional
energy sources such as maize, producing weight gains of up to 1 kg/headld (Darlow et
al 1950). Increases in vitamin A content in milk and increased milk production of up to
0.79 kg/cow/d have been recorded when sweet potato tubers have been fed
(Jennings et al 1948; Mather et al 1948; Lush 1936; Massey et al 1976).
The high yields of organic matter from sweet potato together with the results
described, suggest that the use of the biomass of this plant as a cattle feed could help
to solve the problems of feed shortage in the tropics, and thus increase the availability
of high quality foods for humans. The present study was designed with the objectives
of: a) evaluating the sweet potato forage and tubers in feeding beef bulls and b)
estimating the potential economics of sweet potato in beef production aimed at high
biological efficiency.
Materials and Methods
Statistical design and treatments: An unrestricted randomized design was used
comparing the following five ratios of sweet potato tubers to forage(on a DM basis)
0:100, 25:75, 50:50, 75:25, 100:0. Urea was added to these combinations to equalise
intake (11.25% total CP); the forage contained this level of protein and therefore no
urea was added to the 100% forage ration. A mix of bone meal and salt was also
offered ad libitum and vitamins and trace minerals were added. (Table 1).
Table 1: Description of treatments.
Treatment
(tuber:forage)

Composition in the DM

Ratio of urea
to total N1 %

ME2
MCal/kg DM

Tuber %

Forage %

Urea %

0:100

0.0

100.0

0,0

0.0

2.1

25:75

24.7

74.2

1.1

18.5

2.2

50:50

49.1

49.1

1.8

35.7

2.4

75:25

73.2

24.4

2.4

53.5

2.5

100:0

96.9

0.0

3.1

70.8

2.5

Additional
treatment3

Molasses
38.2

Forage
60.2

Urea
1.2

30.0

2.5

1

In all rations, N x 6.25 - 11.25% of total dry matter (DM)

2

Metabolizable energy, calculated from McDowell et al (1974)

3

Designed to compare with treatments 0:100 & 100:0
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Procedure: The biomass (forage and tubers) of sweet potato variety C-15 from 3.5
ha was used. It was sown sequentially at a rate of 0.7 ha/month and harvested 5
months later. The spacing of the stands was 0.5 m between rows and 0.4 m between
plants. Cross-bred Brahman bulls with a mean liveweight of 184 kg and one year old
were used in the experiment; they were offered chopped tubers and forage in the
ratios described earlier.
Treatments: The bulls were fed ad libitum and the quantity and composition of the
refusals after 24 hours were measured. Samples of the rations and refusals were
taken weekly for chemical analysis and in vitro digestibility (Tilley and Terry 1963). The
animals were weighed every two weeks and daily liveweight gain estimated by linear
regression.
Results and Discussion
Intake and in vitro digestibility of the feed: Table 2 summarizes the data on intake
and shows that this was relatively constant between the differ ent ratios of tubers to
forage in terms of both DM and crude protein (CP). The mean DM intake was 2.37
kg/100 kg liveweight(LW)/d very similar to that recommended by NRC (1976) for
animals of the same weight gaining .75 kg/d. Based on these results the acceptability
of rations based on sweet potatoes is taken to be normal. The intakes of protein were
also similar to those recommended by NRC (1976).
Table 2:
Intake data as a percentage of liveweight
Observed intake
Treatment
(tuber:forage)

Ratio
tuber/forage

0:100

DM
kg

Ratio

CP
kg

ME1
MCal

0.00

2.45

0.00

0.30

5.05

25:75

0.33

2.32

0.45

0.27

5.19

50:50

1.00

2.34

1.16

0.29

5.53

75:25

3.00

2.39

3.60

0.27

5.74

0.30

6.34

2.41

100:0

1

Mean

----

2.37

----

0.29

5.57

Additional treatment of
molasses and forage

----

2.75

----

0.30

6.81

Metabolisable energy calculated from McDowell et al ( 1974)

The intake of energy increased as the proportion of tubers increased. This would
be expected, due to the high starch content (Montaldo 1972) and low cell wall
constituents (Ruiz et al 1980) in the tuber, giving a higher energy content than in the
forage (McDowell et al 1974).
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The results in Table 2 also show that the ratios of tubers to forage actually
consumed, differed only slightly from the proportions offered. We can infer from this
that neither of the two components resulted in selection due to detrimental effects on
intake. The actual ratios consumed were used in the regression analysis of liveweight
gain and feed conversion efficiency. The addition of molasses to sweet potato forage
led to greater acceptability judging by the increased intake compared to the other
treatments (2.75 vs 2.37 kg DM/ 100 kg LW/d). From the estimated energy value of
molasses (3.47 Mcal ME/kg DM) the intake of DM would have been greater than for
the 100% tuber ration.
The in vitro digestibility results are presented in Table 3. As opposed to the
constant intakes, digestibility varied, increasing proportionally with the increase in
tuber content in the rations. This may indicate that intake was being limited by
chemical or thermal factors (Jones 1972). However, if this was true even higher
intakes should have been recorded according to the data of Conrad et al (1964) and
Montgomery and Baumgardt (1965). This discrepancy could perhaps be attributed to
urea reducing the acceptability of the rations, since at higher proportions of tubers, the
percentage of N present as non-protein (NPN) increased from 0- 71% as shown in
Table 1.
Table 3:
In vitro digestibility of the experimental rations
Treatment
(tuber:forage)

In vitro digestibility
of the dry matter %

0:100

62.0

25:75

66.0

50:50

86.0

75:25

99.0

100:0

92.0

Additional treatments of
forage and molasses

53.0

From the data in Table 3 the digestibility of forage can be calculated as 62% less
than that found in other studies (Ffoulkes et al 1978; Ruiz et al 1980) and in particular
Ruiz et al (1980) reported a value of 72% with the same variety C-15, in experiments
similar to the present study. The data indicated that sweet potato tubers can be
classified as feeds of high energy value, since in vitro digestibility was 92% and the
content of starch was also high.
Weight gain and efficiency of feed conversion: The data on weight gain and
efficiency of feed conversion are presented in Table 4.
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Table 4:
Weight gain and feed conversion efficiency of young bulls fed combinations of sweet potato
tubers and forage
Treatment
tuber : forage

Weight gain
kg/animal/day

Conversion efficiency
feed/gain

0:100

0.656

8.51

25:75

0.709

7.39

50:50

0.847

6.24

75:25

0.805

6.51

100:0

0.823

6.63

Additional treatments of
molasses & forage

0.623

8.98

From Table 4 it can be seen that weight gain increased with increasing
percentage of tubers until a value of 0.847 kg/animal/d was reached, on a diet where
the ratio of forage to tubers was 50:50. The growth rate was lowest at zero percentage
tubers where it was similar to the treatment based on molasses and sweet potato
forage. m e trends in liveweight gain are shown in Figure 1, but the treatment
differences were not significant.
The regression analysis showed an increase in weight gain up to 0.847 kg/
animal/d which was obtained when the ratio of tubers to forage was 2.3, i.e when the
diet contained 70% tubers and 30% forage (on a DM basis). With higher proportions
of tubers the weight gain hardly changed, possibly due to a lack of protein, since as
mentioned earlier, all rations contained 11.25% CP and the proportion of NPN
increased with the proportion of tubers. One can assume that the biological value of
urea is low compared to other N sources (Grainger et al 1960; Oltjen and Putnam
1966) and thus the lack of protein would become more important as the percentage of
tubers, and thus urea, increased. The exact explanation cannot be obtained from the
present data since the levels of tubers and urea are confounded and there are
restrictions of age, weight and gain of the experimental animals.
In order to compare the different types of carbohydrate, the comparison of the
100% tuber ration and the ration based on molasses and forage was made on an
isoenergetic and isonitrogenous base. From Table 4 we can see that sweet potato is a
better source of energy than molasses in promoting liveweight gain. Also Table 3
indicates that in vitro digestibility of the molasses ration was lower than in all other
treatments. This last point could indicate a detrimental effect on cellulolytic activity
(White et al 1973) which in turn affects rate of gain thus resulting in poorer results
than obtained with starch (e.g. sweet potato tubers ) as was also found by Herrera
and Ruiz (1976).
Ffoulkes et al (1978) suggested that sweet potato is superior to other forages in
that its protein is not very soluble in the rumen. If we accept this hypothesis, the
increase in proportion of tubers and the decrease in forage will decrease the quality of
the N component of the ration' However, live weight gain improved without a change
in intake showing the advantage of starch as a source of energy in cattle feeding.
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Figure 1:
Weight gain (kg/animal/day) as a function of the ratio of intake of sweet potato tubers: forage

The feed conversion efficiency data were also analysed by regression as shown in
Figure 2. As one would expect from the results of intake and liveweight gain the
efficiency of feed conversion (FCE) improved as the proportion of tubers increased up
to the ratio 70:30 tubers to forage when the FCE was 6.45 kg DM/kg gain. Although
this value is slightly higher than those given by NRC (1976) it is better than those
found by Clavo (1974) and Campion (1973) who obtained indices of 7.4 and 8.1 with
rations based on molasses and better than the value of 9.0 on the molasses rations in
this study. It would appear therefore that this percent tubers provided a source of
starch and structural carbohydrates which gave an efficient microbial synthesis in the
rumen even at high levels of urea. This hypothesis is backed by the results of other
workers who have used starch as an energy source (Schwartz et al 1964; Styler et al
1971). Obviously the FCE values reflect the high digestibility of the sweet potato
forage.
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Figure 2:
Feed conversion efficiency as a function of the ratio of intake of sweet potato roots:forage

Economic considerations: The biological results show that it is worth considering
sweet potato as a cattle feed;using all the forage and the 12% of tubers which do not
qualify for sale. This percentage is the value found in the literature for the proportion
of damaged tubers which are unsuitable for retail (Zumbado 1967; Mora Vargas 1969;
Brioso de Leon 1979). The sweet potato variety used in the present study produced
15 tonnes/ha of tubers (30.1% DM, 3.4% CP) and 13 tonnes/ha of forage (16.8% DM,
11.25% CP). The analytical results are shown in Table 5.
Table 5 represents a model of a combined operation, aimed at integrating the use
of sweet potato. Besides the economic advantages of the plant (290% profit including
the interest on the total investment), the integration of an operation with meat animals
permits the transformation of damaged material into a high quality human food with
additional economic advantages (38% profitability). The costs include the interest on
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all invested capital including the purchase of animals at $US 1.00/kg liveweignt.
lf the yield of 23 tonnes of tubers and 33 tonnes of forage/ha are considered
(Brioso de Leon 1979; Ruiz et al 1980)a similar analysis gives 385% profit for the
agronomic side and 46% for the livestock side; this includes 12.3 animals of 184 kg
initial weight and a daily gain of .69 kg/head.
From the results presented, it is evident that both forage and tubers of sweet
potato are an acceptable feed for livestock and that the combination of forage with the
starch in the tuber and moderate levels of urea allows high rates of liveweight gain
and high profitability.
Table 5:
Model of agronomic production from one hectare of sweet potato
Tuber production

Meat production

Variety

C-15

Forage production (16.85 DM),tonnes

13

Cultivation cycle (days)

150.0

Non-saleable tubers (30.1% DM),tonnes

1.8

Tuber production (t)

15.0

Urea (for 100 days) (kg)

14.8

Saleable tubers (t)

13.2

Minerals and vitamins (kg)

26.0

Number of animals

5.2

Labour costs, US$
Preparation of soil

60.4

Initial weight of animals

184.0

Seeding

71.7

Days of feeding

100.0

Manure, weed control

23.6

Ratio tuber:forage

0.25

Manual weeding

63.4

Intake (kgDM/animal/day)

5.2

Harvest

85.6

Weight gain (kg/animal/day)

0.71

Labour costs, US$

50.0
11.3

Material costs, US$
Seeds

30.0

Cost of urea, minerals etc. US$

Fertilizers

17.6

Other costs, US$

Herbicide

45.9

Feed costs , US$

78.0

Insecticide

3.1

Administration (10% gross inputs)

36.9

Interest (8%)

90.6

Other costs, US$
Rent of land

58.6

Gross input, US$

369.0

Administration

335.3

Profitability %

38.0

Interest on capital (8%)

63.6

Gross input
Profitability, %

3353. 4
290.0
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