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This study assessed the effectiveness of formaldehyde, heat, and tannic acid 
treatments of  leaf meal (MALM) in reducing the degradation of dry 
matter (DMD) and crude protein (CPD) in the rumen for increased supply of bypass 
protein at the intestinal level. The experiment utilized a rumen-fistulated Brahman 
bull fed with chopped Napier grass soilage (basal diet) and MALM (test diet) at 
70:30 basal:test diet ratio. Nylon bags (porosity of ) containing the treated ±53 mμ
MALM were incubated in the rumen for 24, 48 and 72h following the “sequential 
addition” method for in situ degradation measurement.

Results showed that DMD of MALM was significantly reduced by formaldehyde 
treatment after 24h and 48h period of incubation than the untreated. This was 
followed by tannic acid treatment, though the reduction was significant only after 
48h incubation than the untreated. At 72h period of incubation, DMD remained to be 
significantly lowest with formaldehyde treatment than the untreated or heat and 
tannic acid treatments. A similar pattern of differences in DMD rate (%/h) was 
observed as that of DMD (%). The CPD of MALM was also significantly reduced with 
formaldehyde treatment after 24h incubation than the untreated. At 48h incubation,  
all treatment methods showed significant protection of protein in MALM over that 
of the untreated. At 72h, formaldehyde and heat treatments significantly reduced 
the CPD of MALM compared to the untreated. A similar pattern of differences in 
CPD rate (%/h) was observed as that of CPD (%). Among treatment methods, the 
use of formaldehyde is the best, followed by tannic acid treatment, in achieving 
rumen bypass and promoting greater amino acid supply at the intestinal level. 
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One of the promising shrubs for livestock feeding because of its high protein 
and calcium contents with low contents of condensed tannins, is madre de agua 
(  Nees) that originates from Colombia (Rosales 1996) but is 
now locally available. The leaves of madre de agua contain up to 22% crude protein 
(CP), and most of this is true protein with good amino acid balance compared to 
other fodder trees (Rosales et al 1992). Furthermore, madre de agua has 
considerable amounts of water soluble carbohydrates (43.2g kg  DM), starch  -1

(248.2g kg  DM), total sugars (170.1g kg  DM), and reducing sugars (91.6g kg  DM),    -1 -1 -1

making it a good source of energy as well (Rosales 1996). While the forage of madre 
de agua is highly fermentable compared to forages of other fodder trees and 
shrubs, showing high in sacco degradability at 52-77% for a 24h incubation (Angel 
1988), it provides lesser amount of protein reaching the small intestines, reducing 
its potential as source of by-pass protein. Therefore, efforts to protect the protein of 
madre de agua from microbial degradation in the rumen should be explored to 
increase the direct supply of amino acids for absorption in the small intestines. 

Several treatment methods have been reported to be effective in protecting the 
protein in various feed sources from microbial degradation in the rumen (Castro et 
al 2007, Shamoon et al 2009). The use of heat, tannic acid, and formaldehyde 
treatments for soybean meal significantly reduced the dry matter degradability 
(DMD) and crude protein digestibility (CPD) in the rumen of cattle (Atole & Bestil 
2014). Similar results were found in other feed resources subjected to such 
treatments in cattle (Nagel et al 1992, Castro et al 2007). However, none has been 
done to protect the protein in madre de agua leaf meal (MALM) even with its great 
potential as a source of less costly bypass protein such as soybean meal or fish 
meal in ruminants because of its good amino acid balance. Hence, this study was 
conducted to compare the effectiveness of heat, formaldehyde, and tannic acid 
treatments in protecting the protein in MALM, extrapolated from in situ rumen 
degradability in cattle. 

A yearling Brahman bull weighing 200kg bodyweight (BW) fitted with rumen 
fistula (Bar Diamond Lane, Parma, ID, USA) was used in the in situ degradation trial. 
A month before the experiment, the bull was confined and closely monitored for 
health conditions, dewormed against internal and external parasites with 
Albendazole (Pfizer, Inc.) at 1mL 10kg  BW given orally and Ivermectin (Merial, Inc.)  -1

at 1mL 50kg  BW injected subcutaneously. -1

The bull was fed with 70% freshly-chopped Napier grass (
 Schumach.) and 30% MALM based on the use of protein sources as 

supplement (Preston 1986) for 10 days. The amount of the basal diet and the 
supplement was computed based on the 5.4kg DM intake/day equivalent to 2.7% 
BW daily DM intake requirement of a 200kg bull (Kearl 1982). Feeding was done 
daily at 8am and 4pm with free access to clean drinking water. Two days before the 
nylon bags were placed inside the rumen, the diet was reduced into half to 
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accommodate the bags and to make its recovery easier (Playne et al 1978). After 
the degradation trial, the bull was back into full-feeding considering its daily DM 
intake requirement.

Fresh madre de agua leaves were harvested, sundried until 12-14% moisture 
(86-88% DM) was reached, and hammer-milled through an 8mm screen to produce 
the MALM. The MALM was treated with heat, formaldehyde, and tannic acid (Merck, 
Germany) at the Animal Nutrition Laboratory of the Department of Animal Science, 
Visayas State University. Heat treatment was accomplished by placing the MALM in 
an oven set at 149 C for four hours (Glimp et al 1967). The formaldehyde treatment o

was accomplished by spraying and mixing 10mL of formaldehyde solution per 100g 
MALM (Hemsley et al 1970); the solution was prepared by adding 9mL water to one 
gram formaldehyde. Tannic acid treatment was done by wetting the 100g of MALM 
with 5mL water, then mixing 9 g of tannic acid powder and letting it stand for 30min 
(Hatfield et al 1969). The treated material was then covered with a coarse cloth for 
three days for the chemicals to react on the feed material and equilibrate with air at 
room temperature (Nishimuta et al 1974). The formaldehyde and tannic acid-
treated madre de agua leaf meal (F-MALM  T-MALM) were then dried to contain &
about 12-14% moisture, similar to the heat-treated (H-MALM) and the untreated (U-
MALM).

Nylon bags with a pore size of ±53μm and measuring 5x10cm (Bar Diamond 
Lane, Parma, Idaho, USA) were oven-dried at 65 C for 30min and weighed (Osuji et al o

1993). Approximately 3.5 to 4.0g of samples subjected to the various treatments 
and the U-MALM were placed into the nylon bags and were sealed with a heat 
sealer. The nylon bags containing the samples were then placed inside a lingerie 
bag with stainless steel weights to ensure that the nylon bags stay submerged in the 
rumen fluid instead of floating that may give unpredictable degradation rates 
(Preston 1986). Three sets of bags containing the treatments were incubated (24h, 
48h  72h) to determine degradation rate (%/hour). The “sequential addition” &
method was used  by putting on first the to lessen disturbance of the rumen 72h 
samples  then the 48h samples on the next day and the 24h samples on the third ;
day  hen all the bags were recovered at the same time on the fourth day (Osuji et al . T
1993). With three replicates each, there were 12 nylon bags incubated inside the 
rumen per 24h period, or a total of 36 nylon bags were collected. The collected nylon 
bags were then thoroughly washed by scrubbing gently for 30min in a running tap 
water until the water ran clear, then oven-dried for 48h at 60 C and were weighed o

immediately using a digital analytical balance (TE214S, Sartorius, AG Gottingen). 
The  content of the incubated MALM was analyzed in the macro-Kjeldahl CP
digestion and distillation apparatus and % CP was calculated as %Nx6.25 (AOAC 
1993). Then, DMD and CPD were calculated using the following formula: 
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            DMD (%) =     
___SWa – SWb______ 

SWa-Weight of nylon bag 

 
 

X 100 

 



Where: SWa = Weight (g) of dried sample + nylon bag before incubation
  SWb = Weight (g) of dried residue + nylon bag after incubation           
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Where: CPa = CP of dry feed sample (g) before incubation
  CPb = CP of dry feed residue (g) after incubation           

Data were analyzed using two-way analysis of variance (ANOVA), and 
differences among treatment means were compared using Tukey's Honestly 
Significant Difference (HSD) test in the Statistical Package for Social Sciences, ver. 
17 computer program. 

The in situ DMD and DMDR of treated and untreated MALM incubated in the 
rumen of cattle is presented in Table 1. At 24h incubation, only F-MALM showed 
significantly lower DMD and DMDR, although other treatments (tannic acid  heat) &
showed reduced DMD and DMDR, than the untreated MALM. A similar pattern of 
differences was obtained with 48h and 72h incubation period. Across periods of 
incubation, formaldehyde treatment appeared to be the most effective in reducing 
rumen degradation of MALM, followed by tannic acid treatment. 

The effectiveness of formaldehyde treatment is supported by Shamoon et al 
(2009) who stated that formaldehyde alters the rumen environment and microbial 
activities, thus reducing degradation of energy and proteins of the feed. They added 
that the digestibility of dry matter, organic matter, acid detergent fiber, and neutral 
detergent fiber, were also limited when the ration is treated with formaldehyde. 
Snyman (1993) also found that treating green-chopped forage with formaldehyde 
prevented the in vitro degeneration of nutrients by limiting the disintegration of 
water-soluble carbohydrates and protein of the feed. Similarly, Gareab (1986) 
supported that formaldehyde treatment also protects fat from excessive microbial 
degradation in the rumen so that the amount of bypass fat that are hydrolyzed and 
absorbed in the small intestines is increased. Tannic acid treatment can also 
effectively protect the substrate from rumen degradation (McMahon et al 2000) 
and, aside from protein  it also protects other feed constituents such as  ,
hemicellulose, cellulose, starch, and pectin by decreasing the nutrient availability in 
the rumen (Schofield et al 2001).

 

             CPD (%) = 
 

______CPa – CPb______ 
CPa 

 
X 100 
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As  contains high amounts of water-soluble carbohydrates, 
sugars and starch, with relatively low neutral detergent fiber, and its tannins are of 
the hydrolysable type rather than condensed (Rosales 1996), this should explain 
why the solubility of untreated MALM was high enough to cause a significant 
reduction in the in situ degradation of MALM by formaldehyde and tannic acid 
treatment. 

Table 2 shows the in situ CPD and CPDR of treated and untreated MALM in the 
rumen of Brahman cattle. While all treatment methods were able to reduce the CPD 
and CPDR, only formaldehyde treatment of MALM significantly reduced the CPD 
and CPDR at 24h period of rumen incubation as compared to that of the untreated. 
At 48h period of rumen incubation, all treatments caused significant reduction in 
the CPD and CPDR compared to the untreated, while at 72h period, only 
formaldehyde and heat-treated MALM showed significantly lower CPD and CPDR 
as compared with the untreated. Across periods, formaldehyde treatment of MALM 
resulted to a significantly lower CPD and CPDR as compared to that of heat and 
tannic acid treatments and showed the longest protection of protein of MALM 
against microbial degradation in the rumen. 

In an experiment with silage, formaldehyde treatment can reduce the protein 
degradability by forming crosslinks between protein chains (Nagel et al 1992) or by 
altering the bacterial population in the rumen (Woolford 1975). The effectiveness of 
formaldehyde treatment in reducing protein degradability in the rumen was also 
reported in soybean meal (Atole & Bestil 2014). The greatest potential of protection 
provided by formaldehyde treatment on  degradation was also confirmed in CP
other studies (Hiristor et al 2004, Nagel et al 1992, Shamoon et al 2009). In a trial 
with formaldehyde-treated herbage, proteolysis and apparent nitrogen digestibility 
in growing sheep were decreased, thus nitrogen retention was increased (Nagel et 
al 1992). With formaldehyde-treated ration, Shamoon et al (2009) reported that the 
ratio between rumen degradable and rumen undegradable proteins was high 
(55.45-63.37%) compared to the untreated ration (20.80-24.76%).

Parameters U-MALM3 H-MALM4 F-MALM5 T-MALM6 
DMD (%)1     
    24h 43.74b 41.06ab 37.73a 39.58ab 
    48h 68.83b 66.13b 59.19a 60.82a 
    72h 70.38b 69.28b 64.24a 67.76b 
DMDR(%/hr)2     
    24h 1.82b 1.71ab 1.57a 1.65ab 
    48h 1.43b 1.38b 1.23a 1.27a 
    72h 0.98b 0.96b 0.89a 0.94b 

 



While being seen as inferior to formaldehyde treatment, heat and tannic acid 
treatments appeared to be significantly superior to that of the untreated on 
reducing the CPD and CPDR of MALM especially in the 48h and 72h periods. The 
findings of Castro et al (2007) and Atole and Bestil (2014) that showed protection of 
protein in soybean meal against rumen microbial degradation by heat and tannic 
acid treatments are in accord with the results of this study. Heat treatment of a 
protein feedstuff blocks the reactive sites for microbial proteolytic enzymes 
(Broderick & Craig 1980), while tannic acid treatment changes the ruminal 
fermentation pattern of proteins (Frutos et al 2004). Accordingly, Bateman et al 
(2005) reported that heat treatment of protein feedstuffs reduces protein 
degradation in the rumen thereby increasing the amount of dietary protein escaping 
rumen degradation and increasing the amino acid pool entering the small intestines 
for absorption.

With treated MALM, the high amounts of rumen undegradable protein that 
escaped microbial degradation may supply greater amounts of bypass protein in 
the small intestines. Similarly, Tagari et al (1986) hypothesized that the high 
amounts of rumen undegradable protein may increase the supply of dietary protein 
in the duodenum, allowing more amino acids that will be absorbed and utilized by 
ruminants for optimum production. Relatedly, the findings of Shamoon et al 2009 
and Hiristor et al 2004 with formaldehyde-treated diets confirm that the more 
proteins digested and absorbed in the small intestines, the better is the animal 
performance in terms of faster gains, improved feed efficiency, and decreased feed 
costs. In contrast, the absence of protection from microbial degradation in the 
rumen of U-MALM increased protein solubility, thus, increasing the CPD and CPDR 
of the U-MALM in the rumen. 

Treating MALM with heat and tannic acid can provide a longer protection 
against excessive microbial degradation in the rumen, but treating MALM with 
formaldehyde can provide the greatest protection for a higher supply of bypass 
protein. It is, therefore, recommended to use formaldehyde treatment for protecting
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Parameters U-MALM3 H-MALM4 F-MALM5 T-MALM6 
CPD (%)1      
    24-h 61.20b 52.59ab 49.65a 57.13ab 
    48-h 77.79c 72.90b 66.32a 71.46b 
    72-h 82.44c 79.10b 72.97a 80.66bc 
CPDR(%/hr)2     
    24-h 2.55b 2.19ab 2.07a 2.38ab 
    48-h 1.62c 1.52b 1.38a 1.49b 
    72-h 1.14c 1.10b 1.01a 1.12bc 

 



the protein in forages, but if there is any concern on voluntary intake of such forage 
once fed to the animals, the use of heat and tannic acid treatment can be used as 
alternatives. It is further recommended to conduct this trial on other ruminant 
species to determine the efficacy of these treatment methods on different species 
in terms of rumen environment or feeding habit, more effectively if circumstances 
allow measurement of the amount of bypass protein entering the small intestines 
and that excreted in the feces to provide a detailed measure of the efficacy of 
formaldehyde treatment on MALM against microbial degradation in the rumen.
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