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SUMMERY

An experiment was conducted to examine the nutritional quality of diversified germplasm of
spineless fodder cactus (Opuntia ficus-indica (L.) Mill). The young i.e. uppermost cladodes and
mature i.e. lowermost cladodes were harvested and evaluated for proximate composition and fodder
quality parameters such as crude protein, crude fibre, ether extract, ash, total carbohydrates, dry
matter, acid detergent fibre, neutral detergent fibre and in vitro dry matter digestibility. Among the
thirty four fodder cactus germplasm studied, the per cent crude fibre, ash, dry matter, acid detergent
fibre and neutral detergent fibre contents were higher in mature than young cladodes. While, the per
cent crude protein, ether extract, total carbohydrates and in vitro dry matter digestibility were higher
in young cladodes. The younger cladodes of germplasm COPENE F

1
 recorded the highest in vitro

dry matter digestibility of 78.5 per cent with lowest per cent crude fibre, acid detergent fibre and
neutral detergent fibre of 10.9, 13.2 and 17.2 per cent, respectively. The mature cladodes of COPENE
F1 recorded the highest dry matter of 14.01%. The germplasm No. 1248 recorded the highest crude
protein content of 9.7% in young cladodes. The young cladodes of germplasm No. 1258 recorded the
highest ether extract of 3.0%. The mature cladodes of germplasm Palma Redonde recorded the
highest ash content of 29.8%. The germplasm No. 1308 recorded the highest total carbohydrates of
79.8% than rest of the germplasms.
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Cactus (Opuntia ficus-indica (L.) Mill) is
emerging as the fodder crop particularly in arid and
semi-arid regions. In the world, total area under cactus
cultivation was about 1891 ha (De-Waal et al., 2015).
It is grown in so many countries such as Mexico,
Brazil, Portugal, Malta, Spain, Sicily, Italy, Greece,
Libya, Tunisia, Morocco, Algeria, Chile, Turkey,
France, Bulgaria, Albania, Cyprus, United States,
Turkey, Syria, Israel, Egypt, Saudi Arabia, Lebanon,
Yemen, Peru, Canada, Patagonia, Argentina, etc. for
fodder to animals as well as food purpose. In the
drought prone areas of India, the rural economy is
more dependent on the livestock production than the
crop production. There is always low annual rainfall
in such areas, thus the green fodder cultivation not
commercially followed. It leads to high green fodder
deficit. The cactus can reduce the demand of green
fodder in these water scares areas as the cladode
contains 90% water and 10-15% dry matter. As the
cactus is CAM plant, it can grow under very high
water stress conditions with very good water use
efficiency (WUE). The cactus cultivation in India is
not yet commercially started because it is still at

research stage. On the demonstration plots of AICRP
on Forage Crops and Utilization, MPKV, Rahuri planted
thorn less cactus germplasm. It was essential to
investigate fodder nutritional parameters to understand
suitable genotype for further selection for exploitation
in Maharashtra.

MATERIALS  AND  METHODS

The cladodes of 30 spineless cactus plus four
elite types were collected from different parts of the
country viz., IGFRI, Jhansi, ISSRI, Karnal, BAIF, Urali
Kanchan and NARI, Phaltan were planted at ‘Cactus
Demonstration Plots’ of AICRP on forage crops and
utilization, MPKV Rahuri. The uppermost cladodes
were named as young cladodes, while the lowermost
as mature cladodes. These cladodes were harvested
in the month of November, 2020, from a two-year-
old orchard. The collected cactus cladodes were dried
under shed for 4-6 weeks and thereafter completely
dried in a hot air oven. The samples were ground to
fine power and analysed for proximate composition
such as crude protein, crude fibre, ether extract, ash,



total carbohydrates and fodder quality parameters such
as dry matter, acid detergent fibre, neutral detergent
fibre and in vitro dry matter digestibility.

The proximate composition viz., crude protein,
ether extract, crude fibre, ash and dry matter was
carried out by standard A.O.A.C. (1990) method. The
total carbohydrate determined by difference method
given by Sniffen et al. (1992). The acid detergent
fibres and neutral detergent fibres were evaluated by
using method developed by Van Soest (1963). The in
vitro dry matter digestibility was evaluated by standard
procedure of Tilley and Terry (1963). The statistical
analysis of the present experiment was carried using
the Factorial Completely Randomized Design (FRCD)
using three replications (Panse and Sukhatme, 1995).

RESULTS  AND  DISCUSSION

The proximate composition of the young and
mature cladodes of the thirty four fodder cactus
germplasm is depicted in Table 1. Among the thirty
four cactus germplasm, significant differences were
observed in the young and mature cladodes in their
nutritional composition.

Generally fodder cacti are low in crude protein
content. Crude protein content recorded in the present
investigation was ranged between 3.2 to 9.7%. The
highest crude protein content was recorded in young
cladode of the germplasm No. 1248 (9.7%). The young
cladode contains higher crude protein than the mature
cladodes. This may be due to mature cladodes unable
to accumulate crude protein because most of the
absorbed nutrients are mobilized to young cladodes
(Nobel and Nerd, 1995). It may also due to longer
harvest time may increase the number of cladodes in
cactus (Cunha et al., 2012) and consequently, sink
force (Pimienta-Barrios et al., 2005).

The crude fibre content recorded in fodder
cactus germplasm was ranged between 10.6 to 23.2%.
The lowest crude fibre content was recorded in young
cladode of the germplasm COPENE F1 (10.6%). The
young cladodes recorded lower crude fibre content
than the mature cladodes. The crude fiber content
was increased significantly in mature cladodes than
younger cladodes. Increase in crude fibre might be
due to increased proportion of water storing
parenchyma in relation to the outer photosynthetic
parenchyma tissues. It may exceed 30 % in mature
cladodes as reported by Bravo-Hollis (1978). The
mature cladodes of cactus contain high starch which
responsible for higher crude fibre content in the mature
cladodes as explained by Syomiti et al. (2014).

The ether extract in fodder cactus germplasm
was ranged between 1.0 to 3.0%. The young cladode
of fodder cactus germplasm No. 1258 recorded the
highest ether extract of 3.0%. The ether extract in
young cladodes was higher than the mature cladodes.
The decrease in ether extract might be due to
physiological changes or changes in climatic conditions
such as precipitation or irrigation where the cactus
was planted (Saenz, 1997). Over all ether extract found
low in cactus cladodes, with inconsistent changes as
the cladodes matured. The ether extract was observed
to be similar to that of other photosynthetic tissues,
where the lipids were mainly structural (Feitosa-Teles,
1977).

Ash content in the fodder cactus was recorded
between the range of 13.1 to 29.8 per cent. The mature
cladode of Palma Redonde was recorded the highest
ash content of 29.8 per cent. The ash content in mature
cladodes recorded higher than the young cladodes.
Ali and Ben (2014) reported that the high ash in cactus
may be due to the high calcium content, while young
cactus has low calcium than the mature cladode, thus
the young cladodes were low in ash content. Ash
content may be depended on varied factors such as
soil pH, water availability, soil texture and composition
where the cactus was grown (Frati et al., 1991).

Total carbohydrates in fodder cactus were
ranged in between 61.1 to 78.8%. The young cladode
of the germplasm No., 1308 recorded the highest total
carbohydrates content (78.8%). The young cladodes
recorded higher carbohydrate content than the mature
cladodes. Such decrease in total carbohydrates may
be related probably to greater stimulus to cactus pear
plant growth (Gomes et al., 2018). The increase in
crude protein content with nitrogen fertilization may
reduces total carbohydrate content, because fraction
of soluble carbohydrates was utilized for carbons
skeleton source for protein synthesis (Peyraud and
Astigarraga, 1998).

Fodder quality of young and mature cladodes
of fodder cactus (Opuntia ficus-indica (L) Mill)
germplasm depicted in Table No.2. The dry matter
content in fodder cactus was recorded very low
compared to cultivated fodder crops. The dry matter
content in fodder cactus was ranged between 3.7 to
14.0%. The mature cladode of the cactus germplasm,
COPENE F1 recorded the highest dry matter content
of 14.0%. The dry matter content in mature cladodes
was higher than the young cladodes. Rodriguez et al.
(2010) concluded that biomass yield was increased
with the maturity of cladodes which resulted increase
in dry matter content with the advancement of maturity
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of cladodes. The dry matter content was varied may
be due to indirect effect of soil nutrient on whole cactus
plant concluded by Gomes et al. (2018).

Acid detergent fibres (ADF) fraction was
recorded in the range of 13.2 to 29.34%. The lowest
ADF was recorded in young cladode of cactus
germplasm, COPENE F1 (13.2%). The ADF in young
cladodes was lower than the mature cladodes. The

increase in ADF content of mature cladodes may be
due to increase in cell components such as lignin,
cellulose and hemi-cellulose with development of
maturity of cactus cladodes (Castellano et al., 2021).

Neutral detergent fibres (NDF) in fodder
cactus were ranged in between 17.3 to 40.9%. The
lowest NDF was recorded in young cladode of the
fodder cactus germplasm, COPENE F1 (17.3%). The

TABLE  1
Proximate composition of young and mature cladodes of fodder cactus (Opuntia ficus-indica (L) Mill) germplasm

S. Germplasm Crude Protein Crude Fibre Ether Extract Total Ash Total Carbohy-
No. (%) (%) (%) (%) drates (%)

YC M C YC M C YC M C YC M C YC M C

1. Gialla Rocca Palumbla 5.4 5.3 11.9 14.8 1.4 1.4 22.2 23.9 71.2 69.4
2. Trunzama Bianca San Cono 7.3 5.9 15.1 18.3 1.4 1.2 20.3 21.5 71.9 71.5
3. Bianca Rocca Palumba 5.9 5.3 13.9 19.6 1.8 1.6 20.9 22.6 71.6 70.9
4. Seedless Santa Margherita Belice 6.7 6.2 14.8 15.9 2.1 1.8 21.4 24.6 69.8 67.5
5. TrunzaraGialla Bronte 5.9 5.6 14.6 17.3 1.9 1.8 22.8 24.1 69.4 68.5
6. Trunzara Bianca Bronte 6.7 4.6 17.3 18.2 2.0 1.5 22.8 25.4 66.5 68.6
7. TrunzaraGialla-San Cono 6.7 6.4 15.1 17.2 1.7 1.5 21.2 22.1 70.4 69.9
8. Gialla San Cono 5.4 4.8 17.8 19.1 2.6 2.2 20.3 21.9 71.8 71.1
9. Bianca San Cono 8.6 7.8 13.2 14.3 2.7 2.1 20.3 24.5 68.4 65.7
10. Trunzara Gialla San Cono 7.5 6.7 14.6 15.1 2.6 2.2 21.5 25.2 68.4 65.6
11. Trunzara Bianca Bronte 7.3 6.7 16.2 16.4 2.1 1.9 24.1 26.8 66.5 64.0
12. Palma grande 6.4 5.9 16.7 17.4 1.6 1.4 22.1 26.2 69.8 66.6
13. Palma Redonde 8.1 8.1 13.7 17.5 1.2 1.1 28.1 29.8 62.6 61.1
14. Orelha de elefantemexicana 5.7 4.6 11.2 13.2 1.1 1.0 22.3 23.0 71.0 71.5
15. COPENE F1 5.8 5.1 10.6 11.2 2.2 2.0 21.1 25.2 70.8 67.8
16. COPENE V1 5.7 5.1 15.6 16.9 2.5 2.1 20.5 24.2 71.4 68.7
17. IPA-90-92 6.5 6.4 14.9 15.3 2.3 2.1 23.6 23.7 67.7 67.8
18. IPA-90-111 8.9 7.2 14.7 17.9 1.9 1.7 25.1 27.3 64.1 63.8
19. IPA-90-115 9.2 8.6 12.2 14.3 1.4 1.1 21.8 24.3 67.6 66.4
20. Palma Azul 8.1 6.3 13.8 14.7 1.6 1.4 20.2 24.3 70.2 67.9
21. Mexico Fodder-1278 8.1 5.6 12.2 20.9 2.2 2.1 21.9 26.1 67.9 66.1
22. Mexico unknown 8.0 4.5 13.3 14.4 2.1 1.9 26.4 26.6 63.5 67.0
23. 1294 7.3 6.7 16.3 17.3 1.7 1.5 24.4 26.2 66.0 65.6
24. 1248 9.7 4.5 11.4 15.4 1.9 1.7 24.5 27.2 64.0 66.3
25. 1282 7.8 5.6 13.9 22.7 2.0 1.9 19.6 24.3 70.7 68.1
26. 1258 7.2 5.1 13.5 16.4 3.0 2.7 20.2 22.4 69.7 69.8
27. 1278 9.2 6.1 12.7 13.5 2.7 2.4 21.8 26.6 63.0 64.9
28. 1315 5.4 4.8 13.8 14.1 2.5 2.2 22.0 25.5 70.3 67.6
29. 1301 7.5 5.6 13.3 14.0 1.8 1.7 23.9 25.6 66.7 67.1
30. 1267 4.8 4.6 13.5 16.9 1.7 1.6 17.4 20.8 76.2 72.9
31. 1308 (C) 4.1 3.2 21.6 23.2 1.7 1.6 13.1 14.3 79.8 79.4
32. 1271 (C) 5.9 5.7 16.9 17.9 1.9 1.5 19.1 20.1 73.2 72.8
33. 1270 (C) 5.4 4.6 13.5 14.4 2.6 2.1 18.1 20.3 73.9 73.0
34. 1280 (C) 6.0 4.9 10.8 11.6 2.7 2.5 14.2 16.4 77.3 76.4

Mean 6.9 5.7 14.3 16.4 2.0 1.8 21.5 23.9 69.5 68.6
Source SEm CD SEm CD SEm CD SEm CD SEm CD

(±) 5% (±) 5% (±) 5% (±) 5% (±) 5%
Stage(S) 0.05 0.14 0.05 0.14 0.02 0.06 0.05 0.15 0.10 0.28
Germplasm (G) 0.09 0.24 0.09 0.24 0.04 0.10 0.09 0.26 0.17 0.48
Stage (S) x  Germplasm (G) 0.29 0.82 0.30 0.84 0.01 0.04 0.32 0.88 0.60 1.68

YC-Young cladodes, MC-Mature cladodes.
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NDF in young cladodes was lower than the mature
cladodes fodder cactus. The increase in NDF in
cladodes might be due to increase in cell wall contents
as reported by Castellano et al. (2021) and Gomes et
al. (2018).

The in vitro dry matter digestibility (IVDMD)
of the fodder cactus germplasms was ranged in
between 66.0 to 78.5%. The young cladode of the

TABLE  2
Fodder quality of young and mature cladodes of fodder cactus (Opuntia ficus-indica (L) Mill) germplasm

S. Germplasm Dry matter ADF NDF IVDMD
No. (%) (%) (%) (%)

YC M C YC M C YC M C YC M C

1. Gialla Rocca Palumbla 6.8 6.9 20.0 21.1 24.5 25.3 73.4 72.5
2. Trunzama Bianca San Cono 5.7 8.3 24.0 24.4 30.4 31.1 70.3 69.9
3. Bianca Rocca Palumba 7.4 7.7 19.4 20.4 23.6 25.4 73.8 73.1
4. Seedless Santa Margherita Belice 6.6 6.7 20.1 22.4 27.5 28.5 73.2 71.5
5. TrunzaraGialla Bronte 4.9 10.3 19.8 21.1 25.4 28.8 73.5 72.4
6. Trunzara Bianca Bronte 6.8 8.8 22.3 23.0 27.4 32.9 71.6 70.5
7. TrunzaraGialla-San Cono 5.5 7.6 24.1 25.3 31.1 33.1 70.1 69.3
8. Gialla San Cono 6.3 7.6 22.5 23.4 21.1 21.4 71.5 70.7
9. Bianca San Cono 8.5 9.9 19.4 20.8 21.8 24.4 73.8 73.3
10. Trunzara Gialla San Cono 6.9 7.2 23.0 23.9 21.5 26.8 70.9 70.3
11. Trunzara Bianca Bronte 6.8 6.6 25.8 26.9 27.0 28.6 68.8 67.9
12. Palma grande 4.6 5.9 22.5 23.3 25.8 26.5 71.0 70.7
13. Palma Redonde 5.3 7.9 19.2 17.8 20.9 24.1 73.7 72.5
14. Orelha de elefantemexicana 8.7 13.2 14.4 15.1 23.7 23.9 78.1 77.2
15. COPENE F1 10.7 14.0 13.4 13.2 17.3 20.1 78.5 78.4
16. COPENE V1 8.6 8.7 24.0 24.6 26.4 26.7 70.3 69.7
17. IPA-90-92 5.6 7.7 23.1 23.6 23.9 24.3 70.9 70.5
18. IPA-90-111 7.1 7.4 22.0 22.4 27.1 29.1 71.8 71.2
19. IPA-90-115 5.7 9.9 19.3 19.7 24.8 27.1 74.0 73.5
20. Palma Azul 7.5 8.1 21.5 22.3 24.5 27.5 72.2 71.8
21. Mexico Fodder-1278 5.0 9.8 26.5 27.1 23.4 29.2 68.3 67.7
22. Mexico unknown 4.2 6.5 19.1 19.9 31.5 30.4 74.0 73.4
23. 1294 4.9 6.3 25.3 26.0 33.9 36.7 69.3 68.4
24. 1248 6.6 8.1 18.9 19.4 23.1 23.8 74.1 73.8
25. 1282 5.3 8.5 28.7 29.3 38.4 40.9 66.6 66.0
26. 1258 6.7 8.6 20.2 20.8 25.9 29.9 73.2 72.6
27. 1278 8.9 10.8 15.4 17.3 21.8 26.4 76.9 75.5
28. 1315 7.2 8.9 22.1 22.4 26.8 31.6 71.6 73.5
29. 1301 6.8 6.8 22.7 22.9 22.3 23.4 71.2 71.0
30. 1267 7.1 8.4 22.4 23.9 38.5 38.9 70.7 70.3
31. 1308 (C) 4.8 7.4 13.5 17.6 25.3 26.1 78.4 75.1
32. 1271 (C) 7.7 12.8 18.5 21.0 26.9 27.0 74.5 73.1
33. 1270 (C) 8.3 8.4 17.5 20.8 26.6 27.1 75.3 72.9
34. 1280 (C) 3.7 5.1 17.4 19.9 25.9 26.4 75.5 73.4

Mean 6.6 8.4 20.8 21.9 26.1 28.0 72.7 71.9
Source SEm CD SEm CD SEm CD SEm CD

(±) 5% (±) 5% (±) 5% (±) 5%
Stage(S) 0.06 0.17 0.06 0.20 0.08 0.24 0.06 0.19
Germplasm (G) 0.10 0.29 0.11 0.33 0.14 0.41 0.11 0.32
Stage (S) x  Germplasm (G) 0.36 1.02 0.40 1.14 0.50 1.41 0.40 1.13

YC-Young cladodes, MC-Mature cladodes, ADF-Acid Detergent Fibre, NDF-Neutral Detergent Fibre, IVDMD-In vitro Dry Matter Digestibility.

fodder cactus germplasm, COPENE F1 recorded the
highest IVDMD of 78.5%. The IVDMD of young
cladodes was higher than the mature cladodes. The
decrease in IVDMD correlated to lower crude fibre,
ADF and NDF content in young cladodes. The IVDMD
was decreased with increase in fibre fraction in the
cactus. The decreased IVDMD corresponds to high
fibre content and lower crude protein content which
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negatively affects microbial proliferation in rumen of
livestock (Doreau and Chillard, 1997).

CONCLUSION

Among the thirty four cactus germplasms,
the young cladodes recorded the highest crude protein,
ether extract and total carbohydrates content than
mature cladodes. These parameters were decreased
with the maturity. The dry matter, crude fibre, ash,
ADF and NDF were lower in young cladodes than
mature cladodes. These parameters were increased
with maturity of cladodes. The IVDMD was higher in
young cladodes than mature cladodes and decreased
with maturity cladodes. The germplasm, COPEN F1
and Orelha de elefante mexicana were found superior
for fodder nutritional quality, followed by checks,
No.1308, No. 1280, No. 1270 and 1278. Although,
nutritional quality of young cladodes was superior to
mature cladodes but both were equally better for animal
feeding if compared to cultivated green forages except
dry matter per cent.
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