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Abstract 
 

The importance of conducting studies on the use of hydroponic green corn fodder (HGCF) is 

because, the productive and economic impact on the feeding of pigs in the region of the Coast of 

Oaxaca has been poorly evaluated. The objective of the study was to evaluate the productive 

behavior in growing pigs with HGF as a supplement, with diets based on commercial feed and 

including HGCF. The research was conducted during the months of August to November 2017. 

Four treatments were evaluated [T1: control, T2: 85/15%; T3: 70/30% and T4: 55/45% of food 

trade and HGCF respectively], under a completely randomized design with four repetitions per 

treatment. 16 dewormed and vaccinated pigs were used, with an initial weight of 10.41 kg. Total 

feed consumption (TFC), feed conversion (FC), total weight gain (TWG), and cost-benefit ratio 

(CBR) were evaluated. The data obtained were analyzed by Proc. SAS GLM. The averages were 

compared with the Tukey test. Differences (p˂ 0.05) were found in the TFC, where the highest 

value was 110 kg. The highest TWG was 42.67 kg. As for CBR, the productive parameters are 

improved as the HGCF percentage increases (45%) In the diet of pigs. It is concluded that the 

inclusion of 30% of HGCF in the diet of growing pigs improves their productive behavior. 

 

Key words: alternative diets, hydroponic fodder, weight gain, pig production. 

 

Reception date: April 2020 

Acceptance date: May 2020

mailto:angelitam-02@hotmail.com
mailto:marmarric@hotmail.com


Rev. Mex. Cienc. Agríc.   esp. pub. num. 24   April 15 - May 30, 2020 
 

248 

Pig farming is a livestock activity that has increased worldwide in recent years, with China being 

the main producer of pork. In Mexico, one of the problems that pig producers have is the high cost 

of feeding, ranging from 60 to 70% of their livestock production system. 

 

However, pig farming tends to increase in the coming years, as per capita consumption has 

increased more than 12.8 kg (SIAP, 2015). In the particular case of the state of Oaxaca this problem 

is not the exception; however, an advantage that it has is its participation at a national level of 4% 

in meat production, which makes pig farming an attractive activity for producers in the region 

(Torres-Novoa and Hurtado-Nery, 2007). 

 

However, the high feed costs mean that most pork producers are limited to carry out this livestock 

activity. Therefore, an alternative to reduce production costs is the use of new alternatives, such as 

the use of hydroponic green forage (HGF) in pig feed (Müller et al., 2005; Herrera et al., 2007 ), 

since it has been mentioned that with this technology the production cost is reduced and a harmless 

meat is obtained (Osorto et al., 2007; Romero, 2009). 

 

The production of HGF consists of germinating grass or legume seeds such as oats, corn, wheat, 

alfalfa, among others, until seedling growth, under conditions of light, humidity and temperature 

suitable for each crop species (Albert et al., 2016). Unlike the conventional grazing-based feeding 

system, the HGF represents an alternative animal feeding, where the leaves, stems and roots are 

used; that is, the complete plant (Ramírez and Soto, 2017). 

 

Making use of hydroponic green forages has several advantages, one of the advantages of using 

HGF is that it can be produced throughout the year and  in small areas of soil or in trays using 

straws, husks of grass grains, coconut fiber, tezontle, etc., as a substrate, using a controlled 

irrigation system, where the necessary water is supplied with the essential nutrients for each crop 

(Rodríguez et al., 2009). 

 

Another advantage is the short forage production time, since in a period of 15 to 20 days forage 

can be available for animal feed and in this case for pigs (FAO, 2001). Among the most used 

grasses as HGF is corn (Zea mays L.), since it presents high forage yields ranging from 3 91 to 4 

64 kg m-2 and the dry matter content of 25.5 and 19.24% at 10 and 12 days, respectively (Albert et 

al., 2016; Naik et al., 2012; García-Carrillo et al., 2013). 

 

In the coast of Oaxaca region, there are no studies or the use of hydroponic green corn fodder 

(HGCF) in the diet for the production of pork is not well documented, as well as the cost-benefit 

of this alternative food. Therefore, the objective of the present study was to evaluate growing pigs, 

diets based on commercial feed and with the inclusion of hydroponic green maize forage, where 

total feed intake (TFC), feed conversion (FC), weight gain (TWG) and calculate the cost-benefit 

ratio (CBR). 
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Study area description 

 

The research was carried out during the months of August to November 2017, at the facilities of 

the Technological Institute of Pinotepa, Experimental Unit ‘San José Estancia Grande’ of the 

Department of Agricultural Sciences, located in the municipality of San José Estancia Grande, 

Oaxaca, km 26.5 of the Pinotepa National Highway, Oaxaca-Acapulco, Guerrero, at 16° 22’ north 

latitude and 98° 13’ west longitude (García, 2004). 

 

The climate in this region is warm sub-humid with rains in summer, with an average annual 

temperature and precipitation of 26.9 °C and 800 mm, respectively and at 70 masl (García, 

2004). 

 

Treatment and experimental design 

 

The treatments evaluated were: T1 (control): 100% commercial balanced feed, T2: 85% 

commercial balanced feed + 15% HGCF; T3: 70% commercial balanced feed + 30% HGCF and 

T4: 55% commercial balanced feed + 45% HGCF. A completely randomized design was used, 

with four repetitions per treatment, where the experimental unit consisted of one pig, giving a total 

of 16 pigs. 

 

Variables evaluated 

 

The total food consumption (TFC) expressed in kilograms was evaluated, it was calculated by 

subtracting the food not consumed from the food offered during the day. The total weight gain 

(GTP) of the pigs was obtained by the difference between the final weight and the initial weight. 

The feed conversion (FC) was obtained by dividing the total consumption by the increase in live 

weight of each animal. While the cost-benefit ratio (CBR) was obtained by dividing the income 

from the sale of the GTP in the local market, by the costs of the food consumed during the 

production cycle. 

 

Experiment development 

 

The study lasted 12 weeks. Sixteen weaned pigs of the Landrace breed were weaned with an 

average initial weight of 10.41 kg and an approximate age of three months. Prior to the start of the 

experiment, they were administered vitamins and antiparasitic against endoparasites and 

ectoparasites. 

 

The pigs were housed in individual pens provided with feeders and troughs with ad libitum water, 

where they had an adaptation period of 10 days, providing the pigs with the proposed diets for 

commercial feed and HGCF in the respective feeders in a restricted manner and the consumption 

according to what they left daily in the feeders. 

 

The diets used were based on the commercial balanced feed of the Api-Aba Premium line, for 

the growth-fattening stage. The HGF used in the present study was produced at the same 

Technological Institute, using a local variety of corn seeds, with a yield of 3.5 kg of HGCF per 

600 g of corn. 
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Statistical analysis 

 

The data obtained from the evaluated variables were subjected to an analysis of variance using the 

GLM procedure of the SAS program (2002). Tukey’s test was used for comparisons between 

treatments, with a significance of 0.05. 

 

Total weight gain 

 

Statistical differences were found between treatments (p˂ 0.05) for the variable total weight gain 

(Table 1), where the highest value (42.67 kg) was obtained with treatment T4, a value that was 

different and higher (p˂ 0.05) to that registered with the T3 treatment, with an average of 35.81 kg. 

These results are different from those reported by Cunuhay (2013), who found that the highest total 

weight gain was obtained in pigs with 100% commercial balanced feed, reaching a final weight 

gain of 46.4 kg and less weight gain when 45% of HGCF was included in the diet with a weight 

gain of 36.3 kg. 

 
Table 1. Productive behavior in pigs fed with commercial diet and different inclusions in the 

HGCF diet. 

Variables 
Treatments 

Average EE 
T1 T2 T3 T4 

Live weight (kg)       

Initial 6.75 c 9.63 b 12.88 a 12.38 a 10.51 0.54 

Final 38.29 c 42.05 c 49.69 b 55.05 a 46.38 1.17 

Total weight gain (kg) 31.54 c 32.42 c 36.81 b 42.67 a 35.86 0.98 

Daily weight gain (g day-1) 375.47 c 385.95 c 438.3 b 508.06 a 426.94 0.011 

Total feed consumption (kg) 110.14 a 110.23 a 108.45 b 107.51 b 109.15 0.27 

Total consumption (kg day-1) 1.22 a 1.22 a 1.2 b 1.19 b 1.21 0.03 

Food efficiency (g kg-1) 287.5 c 295 c 34 b 395 a 329.37 0.0087 

Food conversion 3.51 a 3.4 a 2.95 b 2.52 c 3.09 0.091 

Benefit-cost ratio 0.86 d 1.02c 1.39 b 1.99 a 1.31 0.031 

Treatment averages with the same literal are not different (p> 0.05). EE= standard error.  

 

In Figure 1, the behavior in the total weight gain per week of the pigs fed with diets based on 

commercial feed and different percentages of inclusion of hydroponic green forage from corn is 

shown. Weight gain in pigs on an HGF-based diet improves by offering them ‘ad libitum’. In this 

study, as the HGF was increased, weight gain was improved, making it a feeding alternative for 

pigs. 

 

It is also known that the HGF provides the pig with proteins, minerals and vitamins which are more 

assimilable to the animal as they are soluble, which is not the case with dry grain. Vitamins are of 

great importance in the fertility and productivity of animals, which is reflected in the weight gain 

of pigs. 
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Figure 1. Weekly weight gain of pigs fed different levels of commercial feed plus hydroponic green 

maize forage. 

 

Among the first studies done in this regard (Sánchez and Escalante, 1998) reported better weight 

gain in pigs fed on HGF. And this research confirms this by adding different levels of HGCF to the 

diet. 

 

Total food consumption 

 

Statistical differences were found for the TFC variable (p˂ 0.05), where the highest consumption 

(110.23 kg) was obtained in treatment T2, a value that was similar (p˃ 0.05) to that obtained with 

T1 (110.14 kg), but different and greater than (p˂ 0.05) to the values obtained with the T3 and T4 

treatments. Similar results to those found in the present study were reported by Cunuhay (2013). 

 

Who found that the total average food consumption registered significant statistical differences, 

where the highest consumption occurred with diets where 100% of food was commercially 

balanced (131.34 kg), with total average food consumption of 2.34 kg animal-1 day-1. 

 

While the lowest total food consumption was found in T3 containing 45% of HGCF in the diet, the 

registered consumption was 1.72 kg animal-1 day-1. This technology of producing HGF is 

complementary and not competitive with that used in conventional forage production, making it a 

good alternative for feeding animals such as cattle, goats, sheep, equines, birds and pigs. 

 

In this study where it was observed that pigs consume forage very well and useful in periods of 

forage shortages. The supplementation of hydroponic green corn fodder in the pig ration is a 

technological alternative for feeding pigs, which is why the consumption of this HGF is not a 

limitation for pigs since they accept it and consume it for good forage palatability (Naik et al., 

2015). 

 

Food conversion 

 

Currently, the fattening pig feeding system requires that they have good feed conversion; that 

is, if we say that a pig gives a feed conversion of 2, it indicates that for each pound or kilogram 

of live weight it gained, its consumption was 2 kg of feed. In this regard, there are few studies 
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and in this investigation a significant difference (p> 0.05) was found in terms of AC, where the 

best conversion was from T1 and T2, while the lowest AC was found by T4 and T3 

(Table 1). 

 

The results found in this investigation coincide with the data obtained by Cunuhay (2013), who 

found that the best dietary conversion is when 45% of HGF is added to the diet with 2.67. Coincides 

with what was found by Adebiyi et al. (2018), who observed that in pigs weaned and fed with HGF 

the feed conversion was improved. 

 

Cost benefit relation 

 

In this study, the RBC ratio was better when the inclusion percentage of HGCF was increased in 

the diets of growing pigs and under the environmental conditions already described in the 

methodology (Table 1). This may be due to the low cost of HGCF production due to the fact that 

local seeds were used and its high yield, since 600 g of corn produced 3.5 kg of HGF; therefore, a 

higher level of substitution of HGCF in the pig’s diet substantially improves CBR. 

 

The above is in agreement with the literature Arriaga-Jordan et al. (2002), documented that feeding 

HGCF reduces production costs in feeding pigs as long as hydroponic forage occurs. Therefore, 

the lowest profitability is found when the diet is 100% commercial food this is logical due to the 

high cost of inputs. 

 

Another advantage is that by including more than 15% of HGCF in the pig diet, weight gain is 

favored and it also has a positive impact on profitability. The results found agree with those of 

Romero (2009), who mentions that the diet with the best CBR was when more than 40% of HGF 

is included. 

 

Conclusions 
 

The inclusion of hydroponic green forage from corn in feed diets of fattening pigs in this study 

demonstrated significant results; since, as the percentage of HGCF increased in the evaluated 

treatments, it was reflected in the reduction in consumption of these, the daily and total weight gain 

increased, as well as the food conversion and the cost benefit ratio in the treatments whose HGCF 

content was higher. The use of 55% of commercial balanced feed and 45% of hydroponic green 

forage from corn is recommended. 
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