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ABSTRACT 

Various preservatives (propionic acid, 1%; urea, 2 

and 4%; Lactobacillus culture, 10 g/ton; and Pro-Serve, 45 

g/ton) were added to high moisture (24-29%) alfalfa hay and 

compared with untreated wet or dry hays. Means for bale 

temperatures for 1 wk post-harvest (°C) were highest for 

wet control (41.2), lowest for dry control (31.4) and 

intermediate for treatments. Temperatures for the 

respective treatments were (°C): 33.3, 36.7, 36.7, 36.3, 

and 38.6. By 4 wk post-harvest all temperatures were 

equal. Protection from molding was greatest for propionic 

followed by 4% urea, with all treatments superior to wet 

control. At 4 mos post-harvest ADF content was highest for 

wet control (41.7%) and lowest for dry control (36.0%) with 

all treatments intermediate. Content of NDF followed a 

similar trend. Feed intake and milk yield were not sig

nificantly different. These data show that propionic acid 

was the most effective. 

xi 



CHAPTER I 

INTRODUCTION 

Many years ago, Morrison (1958) stated "good 

alfalfa hay is unexcelled as a dry roughage for dairy 

cattle and is the standard with which other kinds of hay 

are compared." Good quality alfalfa hay in a dairy ration 

helps maintain high levels of milk production and normal 

milk composition and makes it an important forage to dairy

men worldwide where alfalfa can be grown. 

At times, rainy weather conditions do not permit 

adequate curingr and spoilage caused by heating and molds 

results in poor quality hay of decreased nutritive value. 

A relatively new approach to hay harvesting 

involves adding small amounts of various preservatives, 

particularly organic acids, at the time of baling. These 

preservativesf which inhibit mold activity, prevent nutri

ent loss. Therefore, the use of organic acids as preserva

tives might permit baling at higher moisture levels than 

normally recommended. 

Other preservatives (such as urea, ammonia and 

bacterial cultures) have been proposed, but insufficient 

data are available to evaluate their effectiveness. There

fore, more research in this area is needed. 

1 



CHAPTER II 

LITERATURE REVIEW 

Hay Quality Factors 

Most high quality forages, including alfalfa, cut 

and dried to recommended moisture level (11%—16%) at the 

time of baling, will not mold or develop excessive heat 

during storage. Therefore, the nutritive value of the hay 

will not be decreased. Initial moisture content and hay 

temperatures during storage are crucial factors in deter

mining the quality of alfalfa hay. 

Initial Moisture Content 

Gregory, et al. (1963) found that high moisture at 

the time of baling was a major contributing factor causing 

severely damaged hay, which contains a large amount of 

mold. Miller, et al. (1967) reported that there was an 

increase in ash, acid detergent fiber and lignin, but 

little change in protein as moisture content at time of 

baling increased. Bechtel, et al. (1945) observed similar 

results. Yu Yu (1976) reported that acid detergent insol

uble nitrogen (ADIN) was positively related to the initial 

moisture content of the hay. Therefore, with higher mois

ture content, excessive heating will result in more bound 

nitrogen not available for digestion by the animal. These 

2 



3 

conclusions agree with studies on alfalfa and grass hay by 

Van Soest (1965) and Goering, et al. (1972). 

Weeks, et al. (1975) stated that in vitro digesti

bilities of alfalfa hay in loose stacks were not depressed 

by high initial moisture content, indicating a good 

potential for maintaining the nutritive value of loose, 

stacked hay with initial moisture as high as 40%. In 

contrast, Currence, et al. (1975) reported that in vitro 

digestibility dropped as moisture content at the time of 

baling increased in large packages of fescue hay, which 

agrees with work done with alfalfa hay by Harble, et al. 

(1982 Unpublished report). 

Hay Temperature During Storage 

Miller and Huarry (1947) observed that increased 

temperature in hay baled at high moisture levels indicated 

microbial oxidation and consequent destruction of dry mat

ter. Twenty years later, Miller, et al. (1967) reported 

that there is a cause and effect relationship between the 

initial moisture content of hay and the increase in tem

perature in hay bales following baling. 

Density of hay package plays an important role in 

temperature increase of high moisture bales. Nelson (1966) 

reported that raising the density of hay bales increases 

maximum temperatures during storage. Spontaneous heat 

generated inside the bales did not escape if the hay was 



baled at high density. This is especially true when hay 

bales are stacked for storage. 

Miller, et al. (1967) also stated that, "The heat 

liberated was probably due to the oxidation of readily 

fermentable carbohydrates." Arambel (1985) reported that 

heat and moisture will be produced as a by-product at the 

time of spore germination. A similar observation to 

Miller's was reported by Gregory, et al. (1963) who sug

gested that temperature indicates microbial oxidation and 

consequent destruction of dry matter resulting in losses in 

sugars and lipids. High temperatures during hay curing 

favor the Maillard or non-enzymatic browning reaction 

(Gregory, et al., 1963). 

Maillard Reaction 

In 1960, Carpenter concluded that mechanisms in

volved in heat damage of feeds are of the Maillard type, 

characterized by a condensation of carbonyl with amino 

groups of proteins, amino acids, and other compounds to 

form a dark-colored polymer. The Maillard reaction occurs 

mainly in heat-damaged food high in protein and carbohy

drates, and is known to require water (Van Soest, 1965). 

Non-enzymatic browning becomes important at temperatures 

above 55°C, when enzymes are inactivated. Sugar residues 

condense with amino groups in a 1:1 ratio. Van Soest 

(1965) reported that a similar reaction occurs in forages 
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and the resultant dark-colored nitrogenous polymer accumu

lates in the lignin fractions of acid detergent fiber 

(ADP). 

The extent of non-enzymatic browning in heated 

forages is directly correlated with nitrogen bound in acid 

detergent fiber (Van Soest, 1962). Heated hay has a brown 

color and the intensity of the brown color is related to 

degree of heating (Gregory, et al.f 1963). Similar results 

were reported by Australian workers, (Coachman, 1959) who 

found higher lignin for heated hay and suggested retention 

of protein in the lignin fraction. 

Not only do forage species differ in susceptibility 

to browning, but within the same species variability has 

been shown. Goering, et al. (1973) compared 11 forages for 

susceptibility to browning, heat damage (as affected by 

heating period), temperature, and moisture content. 

Greatest heat damage occured at moistures between 20 and 

70% and appeared unrelated to the amount of initial in

soluble nitrogen (ADIN), plants species, or total nitrogen 

content. Acid detergent insoluble nitrogen was used to 

assay the extent of heat damage. Many years ago (Bechtel, 

et al., 1945) observed decreases in the utilization of 

protein and in dry matter digestibility in brown alfalfa 

hay fed to dairy cows. He also reported that moldy hay, 

resulting from high initial storage moisture, was of lower 

digestibility than well-cured hay. 
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Miller, et al. (1967) reported that steers fed hay 

baled at 26 and 36% moisture gained faster and more effi

ciently than those fed hay baled at higher moisture (53 and 

58%). High levels of fungal and bacterial activity caused 

high temperatures in hay baled at 32% moisture; which, in 

turn, were associated with decreased digestibility and high 

losses of dry matter. There is no doubt that the only sure 

way of controlling molds is by keeping the moisture content 

of the hay low enough to prevent their growth. 

Orpanif! Acids as Hay Preservatives 

In many parts of the world, farmers and producers 

of hay often are not able to cure their hay to low enough 

moisture levels before baling to prevent spoilage. Most 

hay producers and researchers realize that nutrient losses 

and heat generated in hay is directly related to initial 

moisture. Recently researchers showed several organic 

acids were useful as hay preservatives. The active ingre

dient advertised in almost all commercial hay preservatives 

is an organic acid or its salt. These include propionic 

acid, acetic acid, ammonium isobutyrate, and calcium pro

pionate. Their addition to the hay prevents heating and 

nutrient loss because of known anti-microbial action which 

usually inhibits mold growth. 
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Propionic Acid 

Most scientists agree that propionic acid is the 

most effective organic acid for preserving hay baled at a 

high moisture content. Sheaffer, et al. (1975) treated 

alfalfa-timothy hay (31 and 40% moisture) with propionic 

acid at different application rates and reported that 

increased levels were needed for effective preservation as 

moisture increased. There were significantly lower storage 

temperatures and higher in vitro dry matter digestibilities 

for hay baled at the 31% moisture level and treated with 

propionic acid at rates of 1.5 to 2% compared to the un

treated or hay sprayed at 1% propionic acid. It took 3 to 

5% propionic acid to adequately preserve 40% moisture hay. 

Knapp, et al. (1976) reported little effect on mold 

growth and significant dry matter losses in hay treated 

with less than 1% propionic acid baled at 32% moisture. 

Goering, et al. (1973) studied the effectiveness of pro

pionic acidr acetic: propionic (57:40), sodium chloride, 

sodium propionate, and ammonium isobutyrate. They found in 

laboratory trials, using glass jars, that propionic acid 

was the best preservative for alfalfa hay stored at 55% 

moisture. At least .8 to 1% propionic was required to 

prevent mold growth. 



8 

Commercial Organic Acids 

There are several commercial organic acid products 

used as hay preservatives on the market today. Most com

mercial hay preservatives usually contain a mixture of 

organic acids with a high percent of propionic. Companies 

that market these products claim prevention of molds which 

allows hay producers to harvest crops at a higher moisture. 

Waldren (1973) found that digestibility of ADF and 

NDF in orchard grass red clover hay (40% moisture) were 

lower for the untreated hay than for that treated with 2% 

of a commercial preservative containing .20% propionic 

acid. This work agrees with that of Barringtonf et al. 

(1975), who used a product containing 80% propionic and 20% 

acetic acid which decreased dry matter losses. By diluting 

the preservative with water and applying at the 3% level, 

greater effectiveness was achieved. 

Conversely, Knapp, et al. (1974) stated, "In gene

ral, all studies have shown that commercial preservatives 

applied at recommended rates are not effective in prevent

ing molding and heating of hay baled at greater than 25% 

moisture." Work done at the Ohio Agriculture Research and 

Development Center (Knapp, et al., 1974) indicated that 

neither the recommended rate of certain commercial preser

vatives, or up to 5 times that amount, prevented molding 

and heating in 25% moisture hay. 
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Barrington, et al. (1975) conducted three compari

son trials in successive years. They used a preservative 

with .1% propionic acid. Each trial compared a dry con-

trol, a wet control, and a wet treated hay. The initial 

moisture content of the wet hay ranged from 25 to 37%, 

whereas the dry control was baled at a moisture content of 

16 to 20%. They found that acid detergent insoluble nitro

gen values for the wet control and wet treated were sig

nificantly higher than the dry control indicating that both 

wet control and wet treated hays were heat damaged. They 

concluded that the recommended level did not effectively 

reduce hay stack temperatures and dry matter losses. 

However, many researchers agree that 1% application of 

propionic acid successfully prevents heating and preserves 

alfalfa hay containing as high as 34% moisture when baled. ~ 

Lactobacillus Cultures 

Lactobacillus cultures, which contain Lactobacillus 

bacteria have been used as silage preservatives for some 

time. In 1979, Huber mentioned that soluble carbohydrates 

are converted to lactic acid by Lactobacilli and Strepto

cocci in a highly efficient process which results in little 

loss of energy and usually a high quality silage. In re

cent years, researchers have started testing Lactobacillus 

cultures as hay preservatives. 
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Arledge (1983) reported that the lowest recommended 

rates for silage Lactobacilli additions were effective in 

preventing spoilage in small hay bales when moisture was 

not higher than 22% at bale densities up to about 320kg per 

cubic meter. Most researchers agree that no one commercial 

Lactobacillus culture product has been shown superior to 

all others and recommended rate of product application 

varies greatly. However, it is now generally accepted that 

a viable count of about 10^ is needed for effective silage 

preservation. 

Ammonium Isobutyrate 

Ammonium Isobutyrate has been used as hay preserva

tive in several studies. Goering, et al. (1973) found 

ammonium isobutyrate more effective for mold inhibition 

than a propionic acid:acetic acid blend when used in loose 

stacks of grass-clover mixtures. Sheaffer, et al. (1975) 

found no significant differences in the preservation ef

fectiveness between propionic acid and ammonium isobuty

rate. They concluded that the rates of application of 1.5% 

or greater for hay baled up to 31% moisture and 3% or 

greater for hay baled at 40% or more moisture were required 

for adequate preservation. Mueller, et al. (1976) found 

that hays treated with ammonium isobutyrate at 1 to 2% of 

forage wet weight at baling usually compared favorably with 

artificially dried hay in forage quality, animal 
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acceptability, and weight gains. McNemar, et al. (1977) 

found that storage temperatures were reduced when ammonium 

isobutyrate was applied to wet hay at 1.5% or more. 

Orea as Hay Preservative 

Application of ammonia (NH^) to hay has advantages 

and disadvantages. The advantages of using ammonia as a 

hay preservative are: 

1. Simple to use. 

2. Inexpensive. 

3. Effective for conserving high moisture hay. 

Disadvantages of using ammonia as a hay preservative are: 

1. Treated hay must be covered to minimize the escape 

of free ammonia. 

2. Ammonia has a corrosive effect on equipment. 

3. Care has to be taken when applying ammonia to for

ages because of its potential danger to humans. 

(Kernanf et al., 1977,; Klinner and Holden, 1977). 

These disadvantages often make the use of ammonia unpopular 

among hay producers and have prompted researchers to test 

use of urea [CofNHj)^] as a hay preservative. Drea, 

commonly used as a nitrogen fertilizer and feed additive, 

can be easily converted to ammonia in the presence of 

urease enzymes which are produced by a wide variety of 

microorganisms and plants (Gibson, 1935). The activity of 

urease can generally be correlated with the microbial 
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population (Sumner, 1951). The complete hydrolysis of urea 

to ammonia may be described by the following reaction 

(Sigma, 1969). 

*H2 

0 = C + HOH Drease^ C02 + 2NH3 

NH2 

(Urea) (Ammonia) 

To the best of the author's knowledge there are 

only five studies in the literature on the use of urea as a 

hay preservative (Ghate, et al., 1979, 1981; Toenjes, 1985; 

Guggenheim, et al., 1984, 1985). 

Ghate, et al. (1979) treated alfalfa hay of varying 

moisture (30, 40 and 50%) with three levels of urea, (1.75, 

3.5, and 5.3% of dry matter) and compared them with two wet 

controls of 40 and 50% moisture. Nitrogen (crude protein) 

analysis indicated that the urea treatment increased crude 

protein in alfalfa hay. The crude protein content of the 

control was around 20.7% on a dry matter basis. After two 

days of the treatment, the crude protein percentages for 

hays treated with 1.75, 3.5 and 5.3% urea were 25, 26.6 and 

31.5%, respectively. The increases were 21, 29 and 52% 

respectively, compared to controls. After 35 days of 

treatment, crude protein percentages for respective urea 
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treatments were 22.2, 23.8 and 26.1%. They concluded that 

the treated material lost considerable nitrogen between 2 

and 35 days which might be attributed to the escape of free 

ammonia released from breakdown of urea. However, nitrogen 

in treated hays was still much higher than in controls. In 

vitro digestibility for treated hay was similar to the un

treated and acid detergent fiber (ADF) and the acid deter

gent insoluble nitrogen (ADIN) were less for control hays. 

Differences in ADF were not statistically significant 

(P<.05), but those for ADIN were (P<.05). 

Application of Hav Preservative 

Many methods of application of hay preservatives 

have been attempted. Perhaps the most practical for liq

uids has been mounting a spray system on the tractor or 

baler and spraying hay as it enters the bale chambers 

(Mueller, et al., 1976). One spray system which has 

functioned well is an electrically driven pump operated 

from the tractor's electrical power supply (Barrington, et 

al., 1975). 

Objectives of Study 

The review of previous work suggests the need for 

further study of the various preservatives for high mois

ture hay under Southwest conditions. Objectives of this 

study were to evaluates 
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1. The effect of adding different preservatives to 

high moisture alfalfa hay on heating, molding and 

retention of nutrients in the hay. 

2. The effect of each preservative on the accept

ability of the alfalfa hay to lactating cows. 



CHAPTER III 

EXPERIMENTAL PROCEDURE 

Bay Balin? and Treatment 

Midbloom alfalfa (Medicago Sativa L.) hay was 

harvested from a common field and alternate windrows were 

used for seven different treatments. Because some drying 

occured as the baling proceeded, the different treatments 

contained slightly different moisture levels (Table 1) even 

though an attempt was made to bale as rapidly as possible. 

Treatments were: 1) Dry control; 2) Wet control; 3) 

Liquid Lactobacillus culture (lOg/ton); 4) Urea(4%); 5) 

Urea (2%); 6) Pro-serve (45 g/ton); and 7) Propionic acid 

(1%). After baling, hay was brought to the University of 

Arizona Dairy Research Center and stacked in an open area. 

Hay stacks were protected against rain damage with a clear 

polyethylene cover (4mm thick). 

Hay Sampling 

Ten bales from each treatment were randomly 

selected at bi-weekly intervals for two months and sampled 

using the Pennsylvania State University core - sampling 

technique to determine composition changes of the hay. 

Thus, ten core samples from each treatment stack were used 

to make up bi-weekly composites. Samples were kept frozen 

15 
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TABLE 1 

Mean Percentage of Hays Moisture 

One Day After Baling 

Treatment % Moisture 

1 Dry Control 11 

2 Wet Control 31 

3 Lactobacillus culture (liquid)a 29 

4 High Urea (4% urea) 25 

5 Low Urea (2% urea) 26 

6 Pro-serve'3 29 

7 Propionic Acid (1%) 24 

a) Contained combination of Lactobacillus plantarum, 
Lactobacillus brevis and pedeacoccus a cidilactici and 
applied at lOg/ton to supply 360,000 viable organisms/ 
gram. Also an enzyme preparation from Bacillus subtitis 
was added. Provided by Furst McNess Company, Freeport, 
Illinois. 

b) Contained lactic acid and Lactobacillus acidophilus fer
mentation product. Applied at 45g/ton to supply 5000 
non viable organisms per gram. Provided by Conklin Pro
ducts Company, Shakopee, Minnesota. 



17 

at about -5°C until analyzed for dry matter, crude protein, 

acid detergent fiber, neutral detergent fiber, acid deter

gent insoluble nitrogen, lignin, cellulose, and ash. In 

addition, the two control and urea treatments were analyzed 

for urea and ammonia nitrogen. 

Hay Analysis 

Total nitrogen was determined according to a 

modified Kjeldahl procedure by using a Technicon Auto-

Analyzer. Values were multiplied by 6.25 to obtain crude 

protein. Dry matter was determined by placing 10 g of hay 

in an aluminum dish and allowing the sample to dry for 48 h 

at 65 °C in a forced-air oven. Acid detergent insoluble 

nitrogen (ADIN), neutral detergent fiber, acid detergent 

fiber (ADF), cellulose, and lignin were determined as 

described by Goering and Van Soest (1970). Ash was also 

determined according to Goering et al. (1970) by placing 2 

g of hay in a crucible and ashing in a muffle furnace for 

24 h at 400 °C. 

Cow Feeding Trial 

In an experiment designed to determine whether 

treatment of alfalfa hay affected its acceptibility to 

lactating dairy cows, twenty-one mid-to late lactation 

Holstein cows were selected from the University of Arizona 

dairy herd and assigned to seven treatment groups in 

randomized block design. Blocks were based on milk yields 



for 10 days prior to commencement of the treatment. Each 

treatment group of 3 cows was then assigned at random to 

one of the seven treatments for each of the three periods 

(Table 3). Alfalfa hay was fed ad libitum as the only 

forage. Also, a concentrate mixture (Table 2) was fed at 1 

kg per 3.5 kg milk. Concentrate mixture and hay were fed 

twice daily and orts were recorded once daily. Cows were 

fed individually by using Calan gates; they also had free 

access to drinking water. The feeding trial consisted of 

three, 2-week periods and responses in all periods for hay 

intake and milk production were subjected to an analysis of 

variance as shown in Table 4. Mean values were compared 

using the least significant difference (LSD) method of 

Montgomery (1984). 

Daily consumption of urea or urea equivalent as 

ammonia in cows fed hay treated with 4% (hay treated 

with 4% urea was fed as 50% of total forage) urea was 

calculated as follows: 

Average daily hay intake 16.36kg 

16.36kg x 50% = 8.18kg 

amount of Drea and NH^ nitrogen left in hay 

was 7.92 + 3.1 = 11.02mg N/g hay 

11.02 
———————— = .024g urea/g hay 
(1000)(.4664) 

8180 gram x .024 = 196.3 gram urea 
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TABLE 2 

Concentrate Mixture 

Crude Protein, not less than 14% 
(includes not more than 4.6% equivalent 
crude protein from non-protein nitrogen) 

Crude Fat, not less than 2% 

Crude Fiber, not more than 18% 

INGREDIENTS 

Rolled barley, rice mill by-product, cottonseed 

meal, wheat bran, ground grain sorghum, dehydrated alfalfa 

meal, rolled corn, cane molasses, urea, limestone, flour, 

dicalcium phosphate, salt, manganese sulphate, potassium 

iodide, iron sulfate, copper sulphate, vitamin A supple

ment. 
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TABLE 3 

Randomized Complete Block Design for Testing 

Alfalfa Hay Treatments With Lactating Cows 

Groups 

1 2 3 4 5 6 7 

7 2 4 5 6 1 3 
Hay -

Treatments 3 4 7 15 2 6 

6 1 5 4 3 7 2 

a) Hay treatments from 1 through 7 respectively were: Dry 
Control, Wet Control, Lactobacillus Culture, High Urea, 
Low Urea, Pro-serve and Propionic Acid. 
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TABLE 4 

Analysis of Variance Scheme Used 

For Lactating Cow Experiment 

Variance Source Degrees of Freedom 

Total 62 

Treatment 6 

Period 2 

Cow 2 

Interaction treatment x period 12 

Error 40 
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Average daily concentrate intake 6.18kg 

6180 x 14% crude protein (CP) = 865.2 gram of CP 

4.6% of CP included as non protein nitrogen (urea) 

865.2 x 4.6 
= 39.8 gram of urea from concentrate 

100 

196.3 x 39.8 = 236.1 gram urea/cow/day 

In the case of hay treated with 2% urea, the daily consump

tion of urea or urea equivalent as ammonia was calculated 

as follows: 

Average daily hay intake 17kg 

amount of urea and NHg nitrogen left in hay was 

1.74 + 4.47 = 6.21mg N/g hay 

6.21 
= .013g urea/g hay 

(1000) (.4664) 

17000 gram x .013 = 221 gram urea 

221 + 39.8 (from concentrate = 

260.8 gram urea/cow/day 

Cows in the other five treatments consumed about 35-40 

grams urea per day which was supplied by the concentrate 

diet fed at a Kg per 3.5 Kg of milk. 

Management of Cows 

Cows were milked twice daily at 5:30 a.m. and 5:00 

p.m. One-half of the daily concentrate allotment was of

fered hour prior to each milking. One-half of the hay was 

fed just after the AM milking and the other half after the 
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PM milking. The amount of hay fed to each cow was adjusted 

daily to insure at least 5% orts which were weighed back 

just before the afternoon feeding. 

Collection of Feeding Trial Data 

Body weights of the cows were taken on two succes

sive days at the beginning of the trial and at the end of 

each period. Milk weights were recorded twice daily 

throughout the trial. Representative samples of the 

treated hays were obtained bi-weekly and kept frozen at 

-5 °C until composition analysis. 

Blood Sampling and Analysis 

Blood was collected from the coccygeal vein of all 

cows on the treatment and centrifuged at 1534 x g for 18 

minutes to obtain serum. Urea and ammonia nitrogen in 

serum were analyzed colorimetrically according to Oser 

(1965) as follows: .1 ml of urease enzyme was added to 1 ml 

blood serum diluted in 5 ml deionized water conversion of 

all the urea in the serum to ammonia, which then reacted 

with Nessler's reagent to produce a colored complex mea

sured spectrophotometerically at 440 nm. Readings were 

also made prior to urease addition to determine ammonia 

content. 
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In Vitro Rumen Diyestihility Determination 

Hay samples taken, as previously described, the day 

after baling and at the time of feeding (120 days after 

baling) were used to determine in vitro dry matter digesti

bility (IVDMD) and In vitro neutral detergent fiber diges

tibility (IVNDFD). Source of Rumen contents used for In 

vitro incubations was obtained from a fistulated steer fed 

only alfalfa cubes. In vitro rumen digestibility determi

nations were according to the method of Goering et al. 

(1970}. The following formulas were used: 

(Sample Weight)(NDF Residue) 
1) IVDMD = x 100 

(Sample Weight) 

(Sample Weight)(%NDF)-(NDF Residue) 
2) IVNDFD = x 100 

(Sample Weight)(%NDF) 



CHAPTER IV 

RESULTS AND DISCUSSION 

Effect of Preservatives on Molding and Heating 

Mean bale temperatures are shown in Figures 1 and 

2. At one week post-harvest temperatures were highest for 

the wet control (41.2°C) and lowest for the dry control 

(31.4°C). Temperatures for the other five hays (treated 

with Propionic Acid, 1%; Low Urea, 2%; High Urea, 4%; 

Lactobacillus culture, 10 gram/Ton; and Pro-serve, 45 

g/Ton) were intermediate and averaged (°C): 33.3, 36.7, 

36.7, 36.3, and 38.6, respectively. Even though tempera

tures peaked for all treatments 1 to 2 weeks post-harvest 

with a general decrease thereafter, treatment differences 

were maintained for 25 to 30 d with all hays converging to 

the same temperature by about 40 d (Appendix B). Visible 

mold was greatest for wet control and least for dry 

control. Propionic acid and high urea successfully 

retarded mold in high moisture hays. A small amount of 

mold was observed in the low urea and Lactobacillus 

treatments. Pro-serve had higher temperatures and more 

mold than other preservative treatments. The wet control 

and Pro-serve treatments became light brown in color: 

whereas, Lactobacillus and low urea hays were not as brown. 

25 
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FIGURE 1. Mean Temperature of Hays at Various Times 
After Harvest as Affected by Preservative 
Treatments. 
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FIGURE 2. Mean Temperature of Hays at Various Times 
After Harvest as Affected by Urea Treatments. 
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Hay treated with propionic acid did not retain a bright 

green color but was gray-green, appearing somewhat 

bleached. Dry control and high urea hays retained their 

original bright green color. 

Dry control and all of the treated hays except the 

pro-serve remained in good physical condition with no leaf 

shatter. However, the bales were quite loose after high 

moisture hays became dry. 

These observations are in general agreement with 

the findings of Knapp et al. (1976) who reported that the 

use of propionic acid at 1% effectively prevented heating 

and molding. In studies with high dry matter corn silage, 

Huber and Soejono (1976) reported that propionic treatment 

decreased silage temperatures during fermentation and 

feeding and lowered fungal counts when silage was exposed 

to air. Concentrations of lactic and acetic acids and pH 

values were normal after propionic treatment. 

Britt et al. (1975) demonstrated that propionic 

acid was more effective than formic acid in preventing 

fungal contamination of forages. The addition of formic 

acid or acetic acids to propionic diluted its effective

ness. The addition of organic acids did not change the 

types of fungi, but delayed their growth. 

Our findings regarding urea treatments are in 

agreement with the observations of Ghate, et al. (1981) and 

Guggenheim et al. (1985), who reported that hay treated 
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with urea showed no sign of visible mold and lower 

temperatures than the untreated hay. 

Applying a diluted Lactobacillus culture at rate of 

10 g/ton (or about 360,000 organisms/g) to 29% moisture at 

bale densities of about 416 Kg per cubic meter gave a 

satisfactory result. However, Arledge (1983) reported 

that, at lowest recommended rates ,the lactobacilli com

pounds were effective at preventing spoilage in small bales 

when stem moisture was no higher than 22% at bale densities 

up to 320 Kg/m^. 

Composition of the hay 

Results obtained from samples collected November 

22, may be biased upward. This is probably because of 

heating that occured due to covering the stacks with poly

ethylene. Crude protein of random composite samples varied 

greatly over the storage period. However, means after 20 

days of baling (August 14) showed no significant differ

ences between propionic, lactobacillus culture, pro-serve, 

and the two controls (Table 5). There was a general rise 

in protein during storage which agrees with Miller et al. 

(1967) and Tabor (1977), who reported that crude protein 

was not lost, but the loss of carbohydrates resulted in an 

apparent increase in crude protein. Similar results were 

obtained by Knapp et al. (1976). 
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TABLE 5 

Crude Protein in Hays as Affected 

by Treatment and Storage^" 

Dry 
Control 

Wet 
Control 

Lactobacillus 
Culture 

Z of Dry Matter -

Pro-
Serve 

Propionic 
Acid 

JUL 25 19.5aw M
 

00
 

• to
 

<
 

19.4aw 21.5bx 20.5s* 

AUG 14 19.5aw ,20.8" 20.3" 20.9" 19.9" 

SEPT 1 18.3aw 20.9bx 20.0bv 20.5bx 19.9bx 

NOV 22 21.3bx 22.2bx 21.5bx 18.7aw 18.7av 

^each value is the mean of four observations (SEM = .71) 

a.b values within a line with different superscripts are 
significantly different (P<.05) 

w.x values within a column with different superscripts 
are significantly different (P<,05) 



31 

Hays treated with high and low urea had higher 

crude protein values than those of control hays due to the 

added urea (Table 6). One day after baling, the two urea 

treatments were significantly (PC.05) higher than the 

controls, however, at 120 days low urea and the controls 

did not differ presumably due to the loss of ammonium after 

breakdown of urea to ammonia. Because of said hydrolysis 

and ammonia volatilization, there was a general decrease in 

protein for both urea treatments during storage. Similar 

results were reported by Ghate, et al. (1981); Guggenheim, 

et al. (1984); and Toenjes (1985). 

Generally, acid-detergent fiber (ADF) of the com

posite samples from hays treated with propionic acid, 

Lactobacillus, and Pro-serve increased to levels higher 

than the dry control after the initial sampling, but 

several exceptions were noted (Table 7). For high and low 

urea treatments, ADF did not increase until about 2 months 

after initial sampling (Table 8). 

Percentages of ADF at the first sampling (July 25) 

were similar for all the treatments; however, 4 months 

after baling, treated hays and dry control had lower 

(P<.05) ADF than the wet control. Miller et al. (1967) 

and Tabor (1977) also found that fiber content of forages 

increased during storage as moisture content at baling 

increased, indicating a greater loss in wet hays of readily 

fermentable carbohydrates. Results one month after baling 
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TABLE 6 

Crude Protein in Hays as Affected 

by Treatment and Storage1 

Dry Wet High Low 
Control Control Urea Urea 

JUL 25 19.5aw 18.9aw 32.4°* 25.0bx 

AUG 14 19.5aw 20.8ax 29.7CX 24.9bx 

SEPT 1 18.3aw 20.9bx 30.5dx 23.9CX 

NOV 22 21.3ax 22.2ax 26.0bw 21.9aw 

^each value is the mean of four observations (SEM = .71) 

a.b.c.d values within a line with different super
scripts are significantly different (P<.05) 

w.x values within a column with different super
scripts are significantly different (P<.05) 
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TABLE 7 

Acid Detergent Fiber in Hays as Affected 

by Treatment and Storage1 

Dry 
Control 

Vet Lactobacillus 
Control Culture 

Pro-
Serve 

Propionic 
Acid 

JUL 25 37.3bw 37.2abw 35.2aw 37.9bx 38.2bx 

AUG 14 35.6av 40.3c*y 38.0bx 38.2bx 37.5abx 

SEPT 1 36 .law 39.2bwx 36.0avx 36.6aw 35.4aw 

NOV 22 36. 0aw 41.4C? 37.4abx 39.1bx 39.2bx 

*each value is the mean of four observations (SEM = 1) 

a.b.c values within a line with different superscripts 
are significantly different (PC.05) 

w.x.y values within a column with different superscripts 
are significantly different (PC.05) 
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TABLE 8 

Acid Detergent in Hays as Affected 

by Treatment and Storage* 

Dry 
Control 

Wet 
Control 

High 
Orea 

Matter - - - -

Low 
Urea 

JUL 25 37.3aw 37.2aw 37.2awx 36.8aw 

AUG 14 35.6aw 40.3b*y 35.5aw 36.2aw 

SEPT 1 36.1aw 39.2bwx 36.3awx 35.6aw 

NOV 22 36.0aw 41.4^ 38.lbx 40.1bcx 

^each value is the mean of four observations (SEN = 1) 

a.b.c values within a line with different superscripts 
are significantly different (PC.05) 

w.x.v values within a column with different superscripts 
are significantly different (PC.05) 
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of urea treatments agree with work by Ghate et al. (1981) 

who reported that ADF values decreased for urea treated 

hays with values less than dry control hays. 

Cell wall constituents (NDF) followed a similar 

pattern to ADF which might be expected (Tables 9 and 10). 

Acid-detergent insoluble nitrogen (ADIN) was calcu

l ated as percent of total nitrogen (Tables 11 and 1C> and 

as percent of total dry matter (Tables 13 and 14). Van 

Soest (1965) and Goering et al. (1973) reported that ADIN 

indicated the extent of heat damage in hay. Values for 

ADIN in our study were similar at the initial sampling for 

all treatments except dry control, which was slightly 

higher. But by 35 days after baling (September 1), wet 

control, propionic acid, Lactobacillus culture, and Pro-

serve treatments had increased in ADIN as percent of total 

nitrogen. However, Pro-serve and wet control were only two 

treatments significantly higher (P<.05) than dry control. 

These results agree with work by Barrington et al. (1975) 

and Tabor (1977) who found that hay baled at high moisture 

content had higher ADIN than the dry control. Both studies 

(Barrington et al., 1975 and Tabor, 1977) showed addition 

of a commercial additive at .1% which contained 20% pro

pionic acid was not effective in reducing ADIN of high 

moisture hay. Obviously, concentration of acid were too 

low. As percent of total nitrogen, ADIN for urea treat

ments was significantly lower (PC.05) than dry and wet 
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TABLE 9 

Neutral Detergent Fiber in Hays as Affected 

by Treatment and Storage* 

Dry 
Control 

Vet 
Control 

Lactobacillus 
Culture 

Z of Dry Matter -

Pro-
Serve 

Propionic 
Acid 

JUL 25 45.0abw 44.0abw 43.3aw 46.2bw 45.5abw 

AUG 14 44.3aw 54.90CX 54.3CX 52.8CX 48.7bx 

SEPT 1 44.7aw 58.1cy 52.6b* 56.0cy 52.7by 

NOV 22 49.3s* 61.0bz 59.7by 60.3bz 59.9bz 

*each value is the mean of four observations (SEM = 1.2) 

a.b.c values within a line with different super
scripts are significantly different (P<.05) 

w.x.y.z values within a column with different supers-
scripts are significantly different (P<.05) 

* 
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TABLE 10 

Neutral Detergent Fiber in Hays 

as Affected by Treatment and Storage^" 

Dry Wet High Low 
Control Control Drea Urea 

of Dry Matter -------

JUL 25 45.0abw 44.0aw 46.6bw 46.5bw 

AUG 14 44.3aw 54,9CX 47.5bw 48.1bw 

SEPT 1 44.7aw 58.1^ 50.7bx 52.7bx 

NOV 22 49.3ax 61.0CZ 53.3by 59.3cy 

^each value is the mean of four observations (SEM = 1.2) 

a.b.c- values within a line with different superscripts 
are significantly different (P<.05) 

w.x.y.z values within a column with different super
scripts are significantly different (PC.05) 
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TABLE 11 

Acid Detergent Insoluble Nitrogen in Hays 

as Affected by Treatment and Storage 

(% of Total Nitrogen)1 

Dry Wet Lactobacillus Pro- Propionic 
Contro1 Control Culture Serve Acid 

JUL 25 9.7iby 7.01aw 5.65aw 5.69aw 6.31aw 

AUG 14 8.05abx 10.33cx 8.80bx 7.29ax 7.91abx 

SEPT 1 9.08"y 11.25b* 9.50** 10.86by 9.33ay 

NOV 22 5.40aw 7.50faw 5.74aw 8.38bx 7.85bx 

^each value is the mean of four observations (SEM = .69) 

a.b.c. values within a line with different superscripts 
are significantly different (P<.05) 

w.x.y values within a column with different superscripts 
are significantly different (PC.05} 
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TABLE 12 

Acid Detergent Insoluble Nitrogen 

in Hays as Affected by Treatment and Storage* 

(% of Total Nitrogen)* 

Dry Wet High Low 
Control Control Urea Urea 

JUL 25 9.71cy 7.01bw 3.76aw 4.54aw 

AUG 14 8.05bx 10.33cx 5.01awx 5.83awx 

SEPT 1 S.OS13** 11.25cx 6.38ax 7.17ax 

NOV 22 5.40aw 7.50bw 5.35ax 5.86awx 

*each value is the mean of four observations (SEM = .69) 

a.b.c values within a line with different superscripts 
are significantly different (PC.05) 

w.x.y values within a column with different superscripts 
- are significantly different (P<.05) 
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TABLE 13 

Acid Detergent Insoluble Nitrogen in Hays 

as Affected by Treatment and Storage 

(% of Dry Matter)^" 

Dry 
Control 

Wet 
Control 

Lactobacillus 
Culture 

Pro-
Serve 

Propionic 
Acid 

JUL 25 0.30by 0.21aw 0.18aw 0.20aw 0.21aw 

AUG 14 0.25" 0.34by 0.29ax 0.26ax 0.25aw 

SEPT 1 0.27^ 0.38by 0.30^ 0.36by 0.30ay 

NOV 22 0.18aw 0.27cx 0.20abw 0.25bcx 0.24bw 

"'"each value is the mean of four observations (SEM = .02) 

a.b.c. values within a line with different superscripts 
are significantly different (P<.05) 

w.x.y.z values within a column with different superscripts 
are significantly different (P<.05) 
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TABLE 14 

Acid Detergent Insoluble Nitrogen 

in Hays as Affected by Treatment and Storage* 

(% of Dry Matter)* 

Dry Wet High Low 
Control Control Drea Drea 

JUL 25 o.3oby 0.21aw 0.20aw 0.18aw 

AUG 14 0.25ax 0.34by 0.24awx 0.23axy 

SEPT 1 0.27axy 0.34by 0.24ay 0.27ay 

NOV 22 0.18aw 0.27cx 0.25bcx 0.21abwx 

1each value is the mean of four observations (SEM = .02) 

a.b.c values within a line with different superscripts 
are significantly different (P<.05) 

w.x.y values within a column with different superscripts 
are significantly different (P<.05) 
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controls. This may be due to a substantial increase in 

total nitrogen for the urea treatments. 

As percent of dry matter, ADIN for the two urea 

treatments was not significantly different (P<.05) than the 

dry control but higher (P<„05) than the wet control. Simi

lar results were reported by Ghate et al. (1981) and Tonjes 

(1985). Higher ADIN percentages indicate a lower propor

tion of nitrogen available for digestion; whereas, the 

lower values generally result in higher digestible nitro

gen. Lower ADIN seems a definite advantage of urea treat

ment of high moisture hays (Ghate et al., 1981). 

Chemical analyses of hays after storage showed that 

the percentages of cellulose (Table 15 and 16), lignin 

(Table 17 and 18), and ash -(Table 19 and 20) were higher in 

hay baled at high rather than low moisture, this was par

ticularly true for the control comparisons. Statistical 

analysis for cellulose, lignin, and ash showed that hay 

treated with lactobacillus culture was not different than 

the dry control, but was significantly lower (P<.05) than 

the wet control in 3 of 4 comparisons. Even though cellu

lose in high urea and wet control were similar for Septem

ber and November samplings, lignin was higher (P<.05) for 

wet control, but usually not different than dry control. 

Results similar to ours were obtained by Bechtel 

et al. (1945) who observed increased percentages of lignin, 

crude fiber, and ash in brown and black hays compared to 
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TABLE 15 

Cellulose in Hays as Affected by 

Treatment and Storage"'" 

Dry 
Control 

Wet 
Control 

Lactobacillus 
Culture 

Z of Dry Matter -

Pro-
Serve 

Propionic 
Acid 

JUL 25 23.4bw 23. 2bw 21.6aw 24.1bwx 24.2bw 

AUG 14 24.2aw 26.6by 25.0ay 23.5aw 24.9aw 

SEPT 1 23.9aw 25.O3* 23.8s* 25.2^ 24.8aw 

NOV 22 23.9aw 27.1by 25.0ay 26.2by 26. lbx 

1each value is the mean of four observations (SEM = .71) 

a.b.c. values within a line with different superscripts 
are significantly different (P<.05) 

w.x.y values within a column with different superscripts 
are significantly different (P<.05) 
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TABLE 16 

Cellulose in Hays as Affected by 

Treatment and Storage^ 

Dry Wet High Low 
Control Control Drea Orea 

of Dry Matter -------

JDL 25 23.4aw 23.2aw 23.9awx 23,2aw 

AUG 14 24.4bw 26.6°* 22.9aw 23.7abw 

SEPT 1 23.9aw 25.0ax 25.iaxy 24.0aw 

NOV 22 23.9aw 27.1by 26.0by 27.0bx 

1each value is the mean of four observations (SEM = .71) 

a.b.c values within a line with different superscripts 
are significantly different (PC.05) 

w.x.y values within a column with different superscripts 
are significantly different (P<.05) 
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TABLE 17 

Lignin in Hays as Affected by 

Treatment and Storage^" 

Dry 
Control 

Wet 
Control 

Lactobacillus 
Culture 

Z of Dry Matter -

Pro-
Serve 

Propionic 
Acid 

JUL 25 12.6" 12.0av i2.2fly 12.0s* i2.5fiy 

AUG 14 10.2aw 12.7cwt ll.labx 11.4bx 11.4b* 

SEPT 1 10.5bv 11.8CW 10.0abw 9.5aw 10.0abw 

NOV 22 10.7aw 13.0b* 11.2®* 11.5** 11.3®* 

^each value is the mean of four observations (SEM = .46) 

a.b.c. values within a line with different superscripts 
are significantly different (P<.05) 

w.x.y values within a column with different superscripts 
are significantly different (P<.05) 
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TABLE 18 

Lignin in Hays as Affected by 

Treatment and Storage1 

Dry 
Control 

Wet 
Control 

High 
Urea 

Hatter - - - -

Low 
Urea 

JUL 25 12.6ax 12.0aw 12.6ax 11.9ax 

AUG 14 10.2aw 12.7bwx 10.7aw 10.6aw 

SEPT 1 10.5aw 11.8bw 10.3aw 9.8aw 

NOV 22 10.7aw 13.0CX ll.labw 11.9bx 

*each value is the mean of four observations (SEM = .46) 

a.b.c values within a line with different superscripts 
are significantly different (P<.05) 

w.x values within a column with different superscripts 
are Significantly different (P<.05) 
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TABLE 19 

Ash in Hays as Affected by 

Treatment and Storage1 

Dry 
Control 

Wet 
Control 

Lactobacillus 
Culture 

Z of Dry Matter -

Pro-
Serve 

Propionic 
Acid 

JUL 25 11.3s* 11.2aw 11.5aw 11.8awx 11.8^ 

AUG 14 10.9awx 12.8CX 13.1cd* 12.0bwx 13.8dy 

SEPT 1 10.3aw 11.6bw 11.6bw 11.3bw 10.0aw 

NOV 22 10.8awx 12.5bx ll.law 12. 2bx 12.4bx 

^each value is the mean of four observations (SEM = .39) 

a.b.c.d values within a line with different superscripts 
are significantly different (P<.05) 

w.x.y values within a column with different superscripts 
are significantly different (PC.05) 
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TABLE 20 

Ash in Hays as Affected by 

Treatment and Storage1 

Dry 
Control 

Wet 
Control 

High 
Orea 

Matter - - - -

Low 
Drea 

JUL 25 11.3ax 11.2aw n.4ay 12.2bx 

AUG 14 10.9awx 12.8bx n.oaxy 11.6awx 

SEPT 1 10.3aw 11.6bw 10.1aw ll.lbw 

NOV 22 10.8abwx 12.5CX 10.4awx 11.5bwx 

*each value is the mean of four observations (SEM = .39) 

a.b.c values within a line with different superscripts 
are significantly different (PC.05) 

w.x.y values within a column with different superscripts 
are significantly different (P<.05) 
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green hays. Also, Miller et al. (1967) reported more 

cellulose, cell wall constituents, acid-detergent fiber, 

lignin and ash in hays baled at high compared to low 

moisture. The increase in ash, fiber, and lignin could 

represent a percentage replacement because of lost carbohy

drate and not an absolute increase (Miller et al., 1967). 

Initial and Final Prea Contents of 

Hay Treated With Urea 

Drea content in the initial hays treated with urea 

was considerably higher in nitrogen due to urea addition. 

Increased urea and ammonia upon storage was detected in the 

dry control hay, so these increases were used as a blanks 

to calculate amount of actual urea and ammonia remaining in 

hay at the various sampling times (Table 21). Hay treated 

with 2% urea, showed only 30% of that added was recovered 

as urea 35 days of the treatment. However, 55% remained as 

ammonia. Apparently most of the urea had been hydrolyzed 

to ammonia and some ammonia had volatilized. By the time 

of feeding (120 days after baling), 81% of the added urea 

in the 2% treatment had been converted to ammonia and about 

34% had volatilized. Data from hay treated with 4% urea 

suggested that 24% of the added urea was converted to 

ammonia by 35 d after baling, and at 4 months 58% of the 

added urea had disappeared, but 17% was recovered as 

ammonia. 
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TABLE 21 

Orea and Ammonia Results From Drea 

Added to Alfalfa Haya 

mg Urea N/gram 
of hay from 
added Urea 

mg Ammonia 
N/gram of hay 

from added Drea 

Z of Drea and NH 
nitrogen retained 

in hay 

HIGH OHEA 

Added Urea 

Jul 25 

Sept 1 

Nov 22 

18.66 

15.04 

14.12 

7,92 

2.45 

2.21 

3.10 

99 

85 

59 

LOT UREA 

Added Urea 

Jul 25 

Sept 1 

Nov 22 

9.34 

3.73 

2.85 

1.74 

4.29 

5.13 

4.47 

86 

85 

66 

a) Orea and ammonia values determined for dry control hay 
will be subtracted on corresponding data (See Appendix 
A). 

b) Includes urea and ammonia together. 
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The slower breakdown of urea after 35 days of bal

ing was probably due to reduced urease action because of 

lower moisture. Our results agree with work published by 

Ghate et al. (1981), who reported that the rate of urea 

breakdown in hay declined after 35 days of baling. They 

also reported that 80% of the added urea was converted to 

ammonia within 35 days of the treatment. In our low urea 

treatment about 70% of the urea had disappeared by 35d 

compared to only 24% on high urea. The concentrations of 

ammonia detected on July 25 were about .4 and .7% of dry 

matter for the high and low urea treatments, respectively. 

These concentrations are lower than those shown to prevent 

spoilage of high moisture corn (Britt, et al., 1976) and 

corn silage (Britt, et al., 1975). 

Hay Acceptability Trial 

Because the chemical analysis of urea in hay at the 

time of feeding was not available and the fear of a pos

sible urea toxicity hay treated with 4% urea was fed as 50% 

of the total forage and the other 50% was normal herd hay 

(similar to the dry control treatment). The intake ratio 

(a dry matter basis) for all treatments averaged 57:43 of 

forage to concentrate. 

Even though cows on propionic acid treatment had 

highest feed consumption, no significant differences were 

found in feed intake between treatments (Table 22). These 
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TABLE 22 

Responses of Cows Fed Alfalfa Hay 

Treated with Various Preservatives 

% of Dry Matter 
Hay 

Intake 
Kg/day 

Milk 
Production 

Kg/day 

Dry Control 16.8a 21.3a 

Wet Control 15.8a 20.4a 

Lactobacillus 
Culture 15.9a 18.5a 

High Urea 16.2a 22.2a 

Low Drea 17.0a 19.6a 

Pro-Serve 17. la 19.la 

Propionic Acid 17.7a 19.3a 

F value 1.06 1.04 

SE .94 1.69 

a values within a column with* different superscripts are 
significantly different (P<*05) 
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data are in agreement with Miller et al. (1976) who found 

little difference in animal acceptability between propionic 

treated and untreated alfalfa-timothy hay baled at 26% to 

35% moisture. Their results were not easily explained 

because protein and energy digestibilities were lower in 

the hay of higher moisture content. Also, Candlish et al. 

(1973) found that animal feeding results did not indicate 

any advantage to feeding acid treated alfalfa-brome hay 

compared with untreated when the moisture content was 20% 

or lower. They reported no indication of harmful effects 

to the animal due to the acid treatment. The main 

advantage of acid treatment seemed to be in preventing 

molds and heating high moisture hay. 

Even though cows fed the high urea hay gave more 

milk than those fed the other treatments, no significant 

differences (P<.05) in milk yields were noted. Similar 

results were obtained by Huber and Santana (1971) who found 

that cows fed ammonia and urea treated corn silages showed 

numerically higher milk yields than negative controls, but 

differences were not significant. Also, Waldren (1973) 

found no differences in milk yields of lactating cows 

offered orchard grass-red clover hay baled at different 

moisture levels with and without the addition of an organic 

acid product containing 20% propionic acid. Hay baled at 

40% moisture was treated with 2kg acid product/metric ton 

of hay, and the 30% moisture hay was treated with 2kg/ 
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metric ton of hay and the control had no addition of acid 

product. Howeverr Tabor (1977) found that cows fed control 

alfalfa hay had significantly higher milk yields (P<.02) 

than those fed acid-treated alfalfa hay. 

Even though data is not presented because of the 

very short feeding periods, there was no difference between 

the seven treatment groups in body weight change of cows. 

Urea Level in the Blood Serum 

McDonald (1948) showed that ammonia was absorbed 

from the rumen into the ruminal veins and Annison et al. 

(1955) correlated the ammonia concentration in portal blood 

with that in rumen contents. It is well known that urea 

level in the blood is dependent on protein level and source 

in diets fed to ruminant animals (Huber and Thomas, 1970). 

Blood urea nitrogen showed that cows for both urea 

treatments was not significantly different from controls on 

both sampling dates (December 11 and 12)(Table 23). 

However, mean values of blood urea for all groups were 

lower in the first sampling (December 11 - one week after 

feeding commenced) than the second (December 18). For 

cows fed the Lactobacillus culture hay on December 11, 

blood urea was significantly lower (P<.05) than for other 

treatments (Table 24). The reason for this is that one of 

the cows went off feed and gave an extremely low value, but 

by December 18 blood urea for that group returned to normal 
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TABLE 23 

Urea in Blood Serum 

(mg-N/100 ml Serum) 

December 11 December 18 

Dry Control 15.86a 19.79a 

Wet Control 14.57a 17.41a 

High Urea 14.96a 19.33a 

Low Urea 16.96a 18.63a 

SE 1.07 2.37 

a values within a column with different superscripts 
are significantly different (P<.05) 
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TABLE 24 

Urea in Blood Serum 

(mg-N/100 ml Serum) 

December 11 December 18 

Dry Control 15.86bc 19.79ab 

Wet Control 14.5?k 17.41a 

Lactobacillus 
Culture 12.00a 17.05a 

Pro-Serve 17.23° 21.48b 

Propionic Acid 17.86c to
 

M
 .
 

M
 

00
 D*
 

SE 0.87 1.44 

a.b.c -values within a column with different superscripts 
are significantly different (P<.05) 
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and was similar to controls. Cows fed propionic acid and 

Pro-serve treatments showed the highest blood urea compared 

to the other groups for both sampling dates (December 11 

and 18). The reason for this is not obvious. 

In Vitro Digestibilities 

In general, samples taken one day after baling 

showed no significant differences (P<.05) after 24 hours of 

incubation for both in vitro dry matter digestibility 

(IVDMD) and digestibility of cell wall constituents (NDFD). 

However, after 48 hours, wet controls were higher in IVDMD 

and NDFD than the other treatments, but they were not sig

nificantly different (P<.05) than low urea for IVDMD 

(Tables 25 and 26) or than Pro-serve and propionic acid 

treated hay for NDFD (Tables 27 and 28). It is possible 

that one day after baling, wet controls had more digestible 

cellular contents such as fermentable carbohydrates and at 

the time destruction due to heating and fermentation had 

not yet started. 

The digestibility results obtained for samples col

lected at feeding (4 months after baling) are more impor

tant than values for the initial sampling because they 

reflect more nearly the value of the hay which was fed to 

animals after storage. In the case of IVDMD, wet control 

gave the lowest percent followed by pro-serve, Lactobacil

lus culture, and low urea (Table 29 and 30). Wet control 
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TABLE 25 

In Vitro Dry Matter Digestibility of Hays 

July 25, 1985 (1 Day After Baling) 

12 HOURS 24 HOORS 

• % of Dry Matter -

48 HOORS 

Dry Control 65.30b 71.01a 79.50a 

Wet Control 65.90b 71.77a 82.36d 

Lactobacillus 
Culture 65.40b 69.60a 81.64° 

Pro-Serve 64.04a 69.28a 80.20b 

Propionic Acid 64.02a 69.78a 80.06b 

SE 0.41 0.88 0.28 

a.b.c.d values within a colunin with different superscripts 
are significantly different (PC.05) 
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TABLE 26 

in Vitro Dry Matter Digestibility of Hays 

July 25, 1985 (1 Day After Baling) 

12 HOURS 24 HOURS 

• % of Dry Matter -

48 HOURS 

Dry Control 65.29** 71.01a 79.49a 

Wet Control 65.89b 71„77a 82.36° 

High Urea 62.81a 69.51a 80.00a 

Low Drea 63.61a 67.80a 00
 
0
 

•
 

s
| 

O
 cr
 

SE 0.71 1.52 0.33 

a.b.c values within a column with different superscripts 
aref significantly different (P<.05) 
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TABLE 27 

In Vitro NDF Digestibility of Hays 

July 25t 1985 (1 Day After Baling) 

12 HODRS 24 HOURS 

- % of Dry Matter -

48 HOORS 

Dry Control 22.87a 35.59a 57.75b 

Wet Control 22.48a 35.83a 59.91° 

Lactobacillus 
Culture 20.10a 29.79a 57.60° 

Pro-Serve 22.16a 33.51a 57.15ab 

Propionic Acid 20.92a 33.58a 56.18a 

SE 0.95 2.35 0.63 

a.b.c values within a column with different superscripts 
are significantly different (PC.05) 
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TABLE 28 

In Vitro NDF Digestibility of Hays 

July 25, 1985 (1 Day After Baling) 

12 HOURS 24 HOURS 

- % of Dry Matter -

48 HOURS 

Dry Control 22.87a 35.59a 57.75a 

Wet Control 22.48a 35.83a 59.91b 

High Urea to
 
o
 
.
 

to
 
o
 01
 

34.58a 57.07a 

Low Urea 21.74a 30.76a 58.50ab 

SE 1.56 3.95 0.73 

a.b values within a column with different superscripts 
are significantly different (P<.05) 



62 

TABLE 29 

In Vitro Dry Matter Digestibility of Hays 

November 22, 1985 (120 Days After Baling) 

12 HOURS 24 HOURS 

% of Dry Matter -

48 HOURS 

Dry Control 65.02° 69.40° 75.56° 

Wet Control 53.04a 61.94a 71.14a 

Lactobacillus 
Culture 57.00b 64.70b 73.48b 

Pro-Serve 54.80a 62.28a 72.44ab 

Propionic Acid 57.76b 63.67ab 74.20bc 

SE 0.79 1.00 0.80 

a.b.c values within a column with different superscripts 
are significantly different (PC.05) 
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TABLE 30 

In Vitro Dry Matter Digestibility of Hays 

November 22, 1985 (120 Days After Baling) 

12 HOURS 24 HOURS 

• % of Dry Matter -

48 HOURS 

Dry Control 65.02d 69.40° 75.56b° 

Wet Control 53.04a 61.94a 71.14a 

High Urea 60.85° 68.24° 76.60° 

Low Urea 58.14b 64.56b 73.85b 

SE 0.51 1.25 0.80 

a.b.c.d values within a column with different superscripts 
are significantly different (P<.05) 
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was significantly different (P<.05) from all treatments 

except pro-serve after 48 hours of digestion. These 

results contrast with those of Weeks et al. (1975) who 

found that in. vitro digestibility of alfalfa hay in loose 

stacks was not depressed by high initial moisture. Knapp 

et al. (1976) reported a decline in IVDMD in wet, heated 

hay during storage. This decline has been attributed to 

the loss of the more highly digestible cellular contents 

such as fermentable carbohydrates and lipids. Similar 

results were found by Bechtel, et al, (1945); Currence, et 

al. (1975); and Marble, et al. (1982). 

Hay treated with high and low urea gave higher 

(P<.05) percent IVDMD than the wet control, but were not 

different from the dry control. Ghate et al. (1979) repor

ted that the digestibility of hay treated with urea was not 

different from untreated wet hay. 

Data from this trial indicated that NDF digesti

bility four months after baling did not differ (PC.05) be

tween treatments after 24 hours incubation. However, at 48 

hours incubation, the NDF digestibilities for propionic 

acid and urea treated hays were higher (P<.05) than the two 

controls (Tables 31 and 32). Yu Yu and Thomas (1975) 

reported that the use of 1% ammonium isobutyrate on alfalfa 

haylage failed to improve fiber digestion. In contrast, 

Waldren (1973) found that digestibility of NDF in Orchard 
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TABLE 31 

In Vitro NDF Digestibility of Hays 

November 22, 1985 (120 Days After Baling) 

12 HOORS 24 HOURS 

• % of Dry Matter -

48 HOORS 

Dry Control 29.05° 37.93a 50.43a 

Wet Control 23.02a 37.61a 52.70a 

Lactobacillus 
Culture 27.92bc 40.87a 55.58b 

Pro-Serve 25.04ab 37.44a 54.29b 

Propionic Acid 29.48c 39.34a 56.92b 

SE 1.20 1.76 1.33 

a.b.c values within a column with different superscripts 
are significantly different (P<.05) 
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TABLE 32 

In Vitro NDF Digestibility of Hays 

November 22, 1985 (120 Days After Baling) 

• 

12 HOURS 24 HOURS 

• % of Dry Matter -

48 HOURS 

Dry Control 29.05° 37.93a 50.43a 

Wet Control 23.02a 37.61a 52.70a 

High Urea 26.55b 40.42a 56.10b 

Low Urea 29.42c 40.23a 55.90b 

SE 0.65 2.21 1.35 

a.b.c values within a column with different superscripts 
are significantly different (P<.05) 
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grass-red clover hay was lower for the control hay than for 

hay treated with a conunercial preservative. 



CHAPTER V 

SUMMARY AND CONCLUSION 

Different preservatives (Propionic acid, 1%; Urea, 

2 and 4%; Lactobacillus culture, 10 gram/ton; and Pro-

serve; 45g/ton) were added to midbloom alfalfa hay baled at 

average moisture contents of 24, 26, 25, 29, and 29 respec

tively, and compared with untreated wet and dry hays at 31 

and 11% moisture, respectively (Appendix C). Mean bale 

temperatures at one week post-harvest were highest for wet 

control hay (41.2 C), which also had considerable visible 

mold. The lowest temperature was recorded for the dry con

trol (31.4 C); which had no mold. Temperatures for the 

five wet treated hays (propionic, low urea, high urea, 

Lactobacillus culture, and Pro-serve) were (C ): 33.3, 

36.7, 36.7, 36.3, and 38.6. Propionic acid and high urea 

successfully eliminated visible mold but small amounts of 

mold were observed for hays treated with low urea and the 

Lactobacillus culture. Pro-serve had a higher temperature 

and more mold than other treated hays. 

Chemical analysis of hay sampled at different times 

after harvest showed a small increase in crude protein per

cent, probably due to the loss of fermentable carbohyd

rates. After 35 days of storage for all treated hays, 

68 
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there was an increase in ash, acid detergent insoluble 

nitrogen, acid detergent fiber, and lignin but not as much 

as in the wet control. Probably these increases in ash, 

fiber, and lignin were due to a percentage replacement and 

not to a true increase in these components. Also, the 

results of this study showed that acid-detergent insoluble 

nitrogen (ADIN) was directly correlated to the degree of 

heating in alfalfa hay. Pro-serve and wet control hays 

were the only treatments that were significantly higher 

(P<.05) in ADIN than the dry control. 

In an experiment designed to determine whether the 

preservatives affected hay acceptability, twenty-one mid 

and late lactating Holstein cows were assigned to seven 

groups in randomized block design. The alfalfa hay was fed 

ad libitum as the only forage. Also, a concentrate mixture 

was fed at kg per 3.5 kg milk. No significant differences 

in ration DM intakes or milk yields were noted between 

hays. 

For hay treated with 2% urea, the chemical analysis 

showed that 70% of the added urea was converted to ammonia 

within 35 days of the treatment and only 19% urea was left 

by the time of feeding (120 days after baling). In the 

case of the hay treated with 4% urea, only 24% of that 

added urea was converted to ammonia 35 days after baling. 

By the time of feeding, 42% of the added urea was still in 
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the hay and about 58% of the added N had been converted as 

NH3. 

In general, the results obtained from IVDM 

digestibility trial determine on samples collected by the 

time of feeding (4 months after baling) showing that the 

wet control was significantly lower (P<.05) from all the 

treatments except Pro-serve at 48 hours of incubation. 

Also, data indicated that NDF digestibility four months 

after baling was significantly different (P<.05) for pro

pionic acid and urea treated hay than the two controls. 

Based on feeding chemical composition, and diges

tibility data reported in this thesis, it can be concluded 

that propionic acid was the most effective additive used in 

preserving high moisture hay 24% urea ranked second and the 

Lactobacillus culture third. 



APPENDIX A 

UREA AND AMMONIA RESULTS PROM WET AND DRY CONTROL 

mg Urea N/gram mg Ammonia 
of hay N/gram of hay 

DRY CONTROL 

Jul 25 3.12 1.73 

Sept 1 2.53 2.80 

Nov 22 2.27 3.58 

WET CONTROL 

Jul 25 2.01 3.52 

Sept 1 2.34 4.77 

Nov 22 2.42 5.37 
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APPENDIX B 

AVERAGE HAY TEMPERATURE (°C) DURING STORAGE 

SATE - -

TREATMKBT 
7/31 8/2 8/7 8/12 8/17 8/22 8/27 9/1 

Dry Control 32.2 30.7 29.3 25.7 24.7 26.2 25.8 25.9 

Wet Control 40.9 41.4 38.3 36.6 32.7 31.8 28.9 26.6 

Lactobacillus 
Culture 36.9 36.7 35.3 31.2 28.9 28.6 26.3 25.6 

High Urea 36.0 36.6 32.0 29.5 26.5 27.1 26.3 26.3 

Low Urea 34.9 38.5 33.2 31.1 26.5 29.8 27.3 26.8 

Pro-serve 37.7 39.4 37.9 29.8 29.3 28.7 26.5 25.9 

Propionic 33.8 32.8 32.3 27.9 26.6 26.7 26.3 25.7 
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APPENDIX C 

MEAN PERCENTAGE OP HAY MOISTURE ON 

VARIOUS DATES AFTER BALING 

July 25 Aug 14 Sept 1 Nov 22 

Dry Control 11.0 9.4 6.9 7.9 

Wet Control 31.0 16.4 11.3 9.1 

Lactobacillus 
Culture 29.0 13.4 7.3 7.5 

High Urea 25.0 13.3 9.8 10.8 

Low Urea 26.0 11.4 9.7 8.8 

Pro-serve 29.0 13.0 7.7 9.6 

Propionic 24.0 13.1 9.5 9.8 

73 
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