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FOREWORD 

This bulletin is published in furtherance of the purposes of the 
Water Resources Research Act of 196 /•• The purpose of the Act is to 
stimulate, sponsor, provide for, and supplement present programs for 
the conduct of research investigations, experiments, and the training 
of scientists in the field of water and resources which affect water. 
The Act is promoting a more adequate national program of water resources 
research by furnishing financial assistance to non-Federal research. 

The Act provides for establishment of Water Resources Research 
Centers at Universities throughout the Nation. On Septemher 1, 1964, a 
Water Resources Research Center was established in the Graduate School 
as an interdisciplinary component of the University of Minnesota. The 
Center has the responsibility for unifying and stimulating University 
water resources research through the administration of funds covered in 
the Act and made availahle hy other sources; coordinating University 
research with water resources programs of local, State and Federal agen
cies and private organizations throughout the State; and assisting in 
training additional scientists for work in the field of water resources 
through research. 

This Bulletin is number 70 in a series of publications designed to 
present information bearing on water resources research in Minnesota and 
the results of some of the research sponsored hy the Center. The Bul
letin is concerned with the results of a study to characterize and eval
uate ensiling of aquatic plants with and without additives as a method 
of storage and to determine the digestibility of dried and ensiled 
aquatic plants. 

This Bulletin is related 	to the following research project: 

OWRR Project No.: A-025-Minn. 

Alleviation of Lake Pollution by lltili?;ation of Aquatic 
Plants for Nutritional, Medicinal or Industrial Purposes 

Principal Investigator: 	 E. John Staba, Dept. of Pharmacognosv, College of 
Pharmacy, University of Minnesota 

July 1, 1970 	 June 30, 1973 
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The research was conducted to characterize the fermentation of aquatic 
ensiled with and without additives and to determine the digestibility 

dried and ensiled aquatic plants by lambs. Aquatic plants ensiled with 
the addition of organic acids, corn or havlage produced silages of undesir
able quality. Additions of havlage to sterilized aquatic plants before 
ensiling resulted in a silage of more desirable quality. Drv matter and 
crude protein digestibilities for sheep fed diets that contained either 

Potamogeton 	pectinatus were lower than for 
energy digestibility was highest 

appeared 
to he more 
to dehydrated 

Dry matter intakes of lambs fed ensiled aquatic plants, aquatic plants 
plus corn or aquatic plants plus haylage were lower than lamhs fed either 
haylage or havlage plus corn diets. Additions of corn and haylage sign
ificantly increased aquatic plant organic matter digestibility. Energy 
and nitrogen digestibilities were lower for lambs fed diets that contained 
aquatic plants than for labms fed haylage diets. The palatabilitv of 
aquatic plants is a limiting factor in their use as a forage. Drying 
or ensiling do not appear to be satisfactory procedures for improving 
palatability. 

*Aquatic Plantsl *Foragel *nigestibilitvl 
Palatabilitv/ Ensiling 

\ 
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INTRODUCTION 

There are about 150 species, exclusive of algae, of plants tbat grow 
in or around Minnesota's 1~,059 square miles of water. Skrypek (1973) 
described about 20 species of flowering or seed-bearing aquatic plants 
'''hich may become so abundant they can interfere with swimming, boating 
and fishing. Eradication of these plants from their natural growing sites 
is not only impossihle but detrimental to the environment. Management of 
these plants through limited chemical and biological control is not ahrays 
feasible. In these cases, removal may he the most effective control. 

Harvesting of aquatic plants from polluted lakes or lakes enriched 
"ith fertilizing elements would be heneficial, since large quantities of 
nutrients would be removed in the plant. Use of these aquatic plants as 
a livestock feed could partially offset removal costs. Even ",hen not 
removed for control purposes, exploitation of aquatic plants as a live
stock forage in years of drought may h'ic4k,./icial. 

Hence, the ohjectives of this study were to characterize and evaluate 
ensi11ing of aquatic plants "'ith and without additives as a method of 
storage and to determine the digestibility of dried and ensiled aquatic 
plants. 

R1WIEW OF LITERATURE 

Several investigators have suggested that aquatic plants may be useful 
as a livestock feed (Bailey, 1965; Boyd, 1968a,b; Boyd and Blackburn, 
1970; Gortner, 1934; Mrsic, 1936). The principal problem in feeding 
aquatic plants is the high moisture content. Removal of water by mech
anical methods or drving is costly and results in the loss of some nutrients 
(Hentges, 1970). 

Literature on feeding trials with lake vegetation is meager, but a 
complete review of all available reports on the feeding of aquatic plants 
will he presented herein. Ferle (1904) used Elodea canadensis as a fodder 
in Germany. '!'wo hogs were fed the same basal diet but one hog received 
900g of daily for two months in addition to the basal diet. The 
hog fed gained 615g more than the control. Cattle were reported to 
reIish .=-=.~=. 

Dutch workers (Anon., 1918, 1919) reported proximate analyses of 
three aquatic plants and sp. 
and concluded that util 
ized by cattle or pigs, 

Mrsic (1936) reported that Yugoslavian farmers routinelv used water 
plants as a source of forage during periods of drought. The plants were 
usually fed as dried fodder. Cattle readily consumed the fodder and 
showed no digestive disturbances. Ho"ever, vegetation from marshy and 
warm waters was rejected by cattle due to a musty odor. 

1 



Crouch (1964) prepared a dehydrated aquatic plant meal [rom equal 
parts by weight of Ceratophyllum demersum, Elodea and Myrlophyllum 

The dehydrated meal contained more phosphorus and 
fiber and calcium than dehydrated alfalfa meal. The aqua

tic 	plant meal was unpalatable to cattle unless mixed with concentrate 
feeds at a level of only 8 to 10 percent. When offered as the principal 
forage [or wintering beef cm.s and grm.ing heifers, voluntary intake was 
less than half that expected when conventional forages are fed. Steers 
fed 	a ration that contained 8 to 10 percent aquatic meal gained 0.85 
kg/day compared to 0.97 kg/day for steers fed a similar level of dehy
drated alfalfa. 

Hentges (H70) fed two aquatic forages, 
hyacinth) and \lydrilla verticil lata (Florida 
and Hereford steers that initially weighed 295 kg and observed the fol
lowing results: 

1. 	 Cattle restricted to diets of dehydrated water hyacinth and 
Florida elodea plus 10 nercent cane molasses consumed only 1. 6 
and 2.4 kg of air dry feed/head/day or less than 1 percent of 
their body weight. 

2. 	 Addition of 30 percent cane molasses increased intake to 3.0 kg 
for water hyacinth (1 percent of bociy Height) and to 4.3 kg 
(1.5 percent of body weight) for Florida elodea. 

3. 	 Pelleting of the forages increased intakes to 4.1 kg (l.5 percent 
of body weight) for water hyacinth and to 8.6 kg (2.9 percent 

of body weight) for Florida elodea. 

4. 	 Complete diets that containeci 25 or 50 percent of the respective 
aquatic forages I.ere fed ad libitum to yearling cattle. Highest 
intake of water hyacinth was observed (2.8 percent of bodv Iveight) 
when it comprised 25 percent of the ration. niets that contained 
50 percent Florida elodea exceeded 2.8 percent of bodv weight 
intake. 

5. 	 Yearling cattle fed aquatic forage diets for 9 months shoHed no 
apparent toxic effects or digestive disorders. 

(1972) fed two aquatic plants, Florida elodea 
and a land 

, to steers in contained 33 percent 
forage organic Witter. Voluntary intake of steers was higher for the 
bermudagrass than the Florida elodea, but consumption of the water hyacinth 
was similar to that for steers fed bermudagrass. Apparent digestion coef
ficients for bermudagrass, Florida elodea and water hyacinth were respec
tively: 72.4, 70.5 and 66.0 pe.rcent for organic matter; 65.2, 47.9 and 
51. 7 percent for crude protein; 37.3, 54.1 and ::11.3 percent for cellulose. 
Estimated digestible energy in bermudagrass, Florida elodea and water hya
cinth were 3.4, 3.2 and 3.0 Hcal/kg of organic matter, respectivelv 
(Hentges et aI., 1972). Nean net retention of minerals (Stephens ~ a1. , 

2 '" \ 

1972) for bermudagrass, Florida elodea and water hyacinth were respectively: 
53.5, 15.5 percent and * for r.a; 42.3, 24.5 and 34.6 percent for P; 43.6, 
53.5 and ,')0.9 percent for Na; 29.3, 23.4 and 7.4 percent for Hg; 48.7, 5.4 

and 7S.4 percent for Mn; 12.5, 11.6 and 7.0 percent for S; 38.5, 14.1 and 

21.5 percent for Fe; 72.7, 32.8 and 65.2 percent for Cu; 68.9, 67.4 and 
52.0 percent for 7.n. 

A feeding study of fresh and processed water hyacinths \.Jas conducted 
at Iowa State University (Vetter, 1972). Three mat.ure Charolais bulls 
fed fresh hyacinths plus 9.1 kg of a balanced maintenance ration consumed 
25 kg of water hyacinth daily for 7 days. 

Steers fed 20.6 kg (1.1 kg dry matter) of water hyacinth plus a 
basal ration for 28 days had 11 ciaily gain of 535.7 grams. It was 
estimated that the basal ration contributed enough energy to support 
a gain of 245.1 g daily. 

Heifers fed a basal ration plus 1.82 kg of dehydrated wate,r hvacint.h 
pellets gained 136.2 g/day compared to 440.4 for heifers fed de
hydrated alfalfa pellets. Pe lleted water hyacinths appeared to be less 
palatable than alfalfa pellets as heifers would sort them out at feeding 
time. 

,~... ',*"In summary, it appears that aquatic plants contain adequate amount's 
of organic and inorganic nutrients to be considered as a livestock feed. 
The results of some feeding trials indicate that aquatic plants are less 
acceptable to cattle than terrestrial forages. Cattle fed aquatic forages 
that were altered to increase palatability, performed as well as cattle 
fed conventional forages. 

* Calcium value not reported for water hyacinth. 
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EXPERIMENTAL PROCJ<.1)URE 

Experiment 1 

This experiment was conducted to determine the disestibi.1 i ty of two 
dried aquatic plant species. Two aquatic plants, 
and Potamogeton pectinatus, \Vere mechanical Iv harVC0\..c:.U .L.LVUl 4..U;;U,,,c;; lLC;;.L.J....J...~..,;;:)a, 

Detroit Lakes, Minnesota. TI1e plants were dried in forced air ovens. After 

drying, the plants were ground through a hammermill that contained a 2 cm 

screen. The individual aquatic plant meals were of similar particle size ; 

as dehydrated alfalfa meal. At feeding time, an amount of water equal to 

25% of the forage was added to retard dust and increase palatability (Le. 

800 g forage + 200 g water 1000 g total feed). 


Twelve wether lambs of mixed breeding that weighed 3.5 to 47 kg were 
randomly allotted to three treatment groups. Groups 1 and ~ received 

of 50% dehydrated alfalfa meal and 50% of the dehydrated aquatic 
Group 3 received only dehydrated 

the two a'luatic plants could be cal
culated by difference. The lambs were wormed with thiabendazole hefore 
the trial and were fed in digestion crates throughout the experimental 
period. A 10-day period was allowed for the lambs to become adjusted to 
the ration and establish a constant intake. All lambs received 12 g of 
a supplement containing trace mineralized salt (50%) and Nal!,.,PO, (50%) 
in their daily rations. The sheep were fed once daily and 
prior to each feeding. Constant intakes were maintained for 5 days 
prior to and throughout the collection period. 

Compositions of the two aquatic plants and the dehydrated alfalfa 
meal are shown in table 1. Analvses ,,,ere conducted as reported previously 
(Linn et aI., 1973). Gross energy contents were determined an 
adiabaticoxygen bomb calorimeter (Parr Instrument Company, 

After the IS-day preliminary period, fecal samples were collected for 
') days. A 10% aliquot was taken of the feces collected each day. Feed 
samples were taken 3 days prior to and the first 2 days of the collection 
period. Fecal samples were anaJyzed for CP, DM and energy contents as 
previously described. 

Dry matter, crude protein and energy digestion coefficients of the 
2 aquatic plants were estimated using the following general equation: 

Amount of digestible Amount of digestible 

Digestion nutrient in feed nutrient furnished 

coefficient 


;...:.:..::.:.:;:.::....::::--:---- X 100 yfor feed A 

I 

1/\ 

TABLE 1. Composition of Dehydrated Alfalfa and Two Aquatic Plant Species. '" 
Dehydrated Potamogeton }\yriophv11um 

exalbescens 

Ash, % 10.4 25.1 27.6 

Protein, % 17.1 17.1 17.0 

Crude fiber, 30.8 19.2 ll.'l 

Ether extract, 3.3 1.4 1.5 

NFE, 38.4 37.2 42.0 

Gross energy, Kcal/g 4.5 3.4 3.3 

NDF, % 56.3 50.9 42.4 

ADF, % 42.0 42.1 36.2 

Lignin, % 11.8 6.4 4.'J 

Silica, % 1.3 9.2 11.2 

Minerals 

Ca, % 1.44 2.76 3.95 

P, % 0.32 0.32 0.31 

K, 2.60 2.05 0.'l7 

Na, % 0.02 0.24 0.3? 

Mg, % 0.24 0.76 0.69 

AI, ppm 152 211 263 

Fe, ppm 206 576 587 

7.n, ppm 32.3 11.6 ] 5.6 

Cu, ppm 16.5 19. I 28.0 

Mn, ppm 31.9 325 305 

B, ppm 41 142 94 

* All analyses are on a dry matter basis. 

... 4 5 
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Experiment 2 

This experiment with laboratory silos was conducted to determine the 
following: 

1. 	 Chemical modifications that occur during ensiling of aquatic 

plants. 


2. 	 Influence of organic acids (formic, acetic, propionic), corn, 

havlage and sterilization on the fermentation of aquatic plants. 
 T 

3. 	 Differences, if any, hetween terrestrial forage (alfalfa havlage) 

fermentation and that of aquatic plant fermentation. 


Ensiling of aquatic plants with organic acids, corn, havlage and after steril 
ization 

Mixtures of aquatic plant species were harvested from Lake Harriet, 
Minneapolis, on September 4, 1972. Plants were f"ield-dried until Septemher 
7. On Septemher 7 approximately 1/2 of the plants were chopped and dried 
to 40 percent DM in a forced air oven at 40°C. The field dried plants 
were chopped and mixed in a 50:50 ratio with the oven-dried plants. The 
chopped plant material appeared greenish hrm./TI at the time of ensiling. 
A portion of the chopped plant material was sterilized in an autoclave 
for 30 minutes. 

The aquatic plant material was ensiled with the following treatments 

(percent on a wet basis): no additive -- control, 0.5% of 88% formic (C ),
l
2% acetic (C ), 2% propionic (C ), 2% of a nO% C -40% C solution, 2% of

2	 3 2 1
40% C -nO% C solution, 5% corn, 50 and 75% haylage. SEerilized aquatic 
plants2 and s~erilized plants plus 50% havlage (% of wet basis) were also 
ensiled. The various forage mixtures I.ere placed in double layered polv
ethylene hags, air evacuated with the aid of a vacuum pump and sealed. 
Each plastic bag contained approximatelv 1000 grams. Samples of the aqua
tic 	plants before ensiling and 47 davs after fermentation were taken and 
stored at -10°C for later chemical analyses. The frozen samples were 
ground through a Wiley mill with dry ice hefore they were analvzed. 

Ensiling of alfalfa with organic acids, corn and corn oil 

Alfalfa was harvested at the Rosemount Agriculture Experiment Station 
on September 6, 1972. The alfalfa was field-wilted for 24 hours and then 
delivered to the St. Paul Campus. 

The alfalfa Has ensiled with the same organic acid treatments as the 
aquatic plants, but in addition, treatments of 1% of 88% C" 5% corn and 
5% corn oil were stored in plastic bags. Samples of the alfalfa before 
ensiling and after 47 days of fermentation I.ere taken and handled the same ~( 
as the aquatic plant samples. I 

j\ 

Determination of fermentation characteristics 

Ensiled and unensiled samples of aquatic plants and havlage Here 
analyzed for CP, CF, EE, NFE, ash, NDF, ADF, and ADL as reported in exper
iment 1. Drv matters were determined hv toluene distillation as described 
by Brahmaksh~triya and Donker (1971). 

Fluid from the ensiled and unensiled samples Here ohtained using a 
laboratory model hydraulic press. Juice samples were analvzed for lactic 
acid according to Pennington and Sutherland (195n). The pH Has measured 
with a combination electrode and a Beckman Research pH meter. 

Juice samples were prepared for gas-liquid chromatography (r,LC) hv 
procedures outlined hy Erwin et al. (1%1) Volatile fat tv acids (Vl'A) 
were analyzed bv r,LC (Baumgardt,19n4) on an Aerograph Model nOO-C gas 
chromatograph equipped with a hvdrop,en ionization detector. Acids Here 
separated in a 5 foot stainless steel column packed with 20 percent neopentvl 
glvcol succinate (NPr,S) coated with 2 percent phosphoric acid on nO/SO mesh 
Chromosorb W. 

Experiment 3 

This experiment was conducted to measure the digestihilitv of ensiled 
aquatic plants and to characterize the influence of these plants on rumen ~ 
fermentation. 

Ensiled aquatic plant and haylage rations fed in the digestion trial 

The five ensiled rations fed in the digestion trial were (% on a Het 
basis): aquatic plants, 92.8% aquatic plants plus 7.2% corn, 49% aquatic 
plants plus 51% haylage, havlage and 82.5% havlage plus 7.5% corn. The 
mixture of aquatic plant species used in the aquatic plant ration Here 
harvested from Lake Calhoun, Minneapolis on July 11, 1972. After 4 days 
of field drying,the plants were chopped and ensiled. Plant species used 
in the ration that contained 92.8% aquatic plant plus 7.2% corn were har
vested from Lake Harriet, Lake Calhoun and Lake of the Isles, Minneapolis. 
After 3 days of field drying, the plants were chopped and ensiled. The 
ration that contained 49% aquatic plant plus 51% havlage and the tHO 
haylage rations were ensiled from materials used in experiment 2. 

The five individual rations were placed in double-layered polyethylene 
bags (approximately 84 kg per bag), evacuated of air bv vacuum pump and 
sealed. All rations were allo,.ed to ferment for 47 to 81 daYs, at Hhich 
time the digestion trial Has initiated. 

Determination of digestibility and the effect of ensiled aquatic plant and 
haylage rations on rumen fermentation 

Twenty wether lambs of mixed hreeding that Heighed 26 to 40 kg Here 

randomly assigned to five treatment groups. The lambs were Hormed I.ith 

thiabendazole. The lambs were fed in digestion crates during the entire 
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ash free value, and thus, the difference from dry matter digestion. The 
higher energy digestion coefficient of Mvriophyllum exalhescens can be 
partially attributed to the 10\~er crude fiber and cell wall contents 
(tahle 1) •.......----.... 
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2% 2%0.5% 1% 2% 
(60%C~,40%C3) (40%C?,60%C 3)Item Unensi1ed Control C1 C1 C~ C~ 


Aquatic Plants 

38.22Dry matter, % 34.98 33.33 33.50 35.00 36.59 35.74 
11.06Crude protein, % 11.69 9.96 11. 93 10.16 12.23 10.39 

1.14 0.99Ether extract, % 0.59 0.99 0.58 0.68 1.27 
10.86 12.10Crude fiber, % 11.63 9.59 11.58 9.-79 10.93 

42.40 46.40 44.46Ash, % 50.88 47.R8 52.36 48.43 
30.94 33.37 31.21 31.39~itrogen-free extract, % 25.21 31.58 23.56 

64.31 61. 76Cell wall constituents, % 61.99 60.68 1)3.09 56.99 56.21 
53.79Acid detergent fiber, % 57.70 46.88 52.42 51.15 47.42 51.84 
12.42Acid detergent lignin, % 9,21 9.84 10.42 8.60 8.63 8.27 

7.97Hemice1luaosec, 4.29 13.RO 10.67 5.84 8.79 12.47 
43.57 41. 37Cellulose , % 48.49 37.04 42.00 42.55 38.79 

Alfalfa 
Dry matter, % 30.81 32.28 29.90 29.R2 28.77 12 29.32 29.26 

N 
t-' 

22.93 23.29 22.15 22.47 22.73 22.02Crude protein, % 22.61 21. 32 
3.79Ether extract, % 2.52 4.64 3.99 3.94 3.79 4.03 3.65 

28.43 26.52Crude fiber, 22.48 28.71 26.61 28.23 29.28 25.42 
9.06 10.25 10.10 10.08 9.35 9.34 9.11Ash, % 9.23 

43.16 36.1.7 36.22 34.44 34.7n 38.73 35.85 38.56
~itrogen-free extract, % 

45.88 46.70 48.42Cell wall constituents, % 45.03 46.68 47.18 48.05 50.68 
Acid detergent fiber, 31.R3 36.19 35.14' 36.57 37.20 33.26 34.68 35.24 

R.34 7.08 7.00 7.48lignin, 6.79 7.77 7.57 7. n 
, 

a, 
h 13.20 10.49 12.04 11.48 13.48 12.62 12.02 13.18 

Cellulose"! % 

a All analyses are on a dry matter basis. 


b Treatment percentages are on a wet basis. C is 88% formic acid, C? is acetic acid and C3 is propionic acid. 

1 


c Cell wall constituents minus acid detergent fibers. 


d Acid detergent fiber minus acid detergent lignin. 

Plants 
75% 

Plants 
50% Steri-

Sterilized 
50% 

5% 

t-' 
w 

Dry matter, % 
Crude protein, 
Ether extract, % 
Crude fiber, % 
Ash, % 
Nitrogen-free extract, % 
Cell wall constituents, 
Acid detergent fiber, % 
Acid detergent lignin, % 
Hemice11uaosec, 
Cellulose , % 

34.98 
11.69 
0.59 

11.63 
50.88 
25.21 
61.99 
57.70 
9.21 
4.29 

48.49 

37.26 
12.46 
0.55 
9.12 

41.14 
37.93 
59.66 
44.09 
10.c)7 
15.57 
34.02 

26.26 
16.98 

0.83 
28.42 
31. 80 
21. 97 
56.9:; 
49.23 
11. 78 

7.72 
37.45 

33.78 
16.20 

1.11 
19.86 
33.57 
29.26 
5h.BS 
46.80 
10.89 
10.05 
35.91 

31.05 
13.32 
0.89 

13.17 
52.58 
20.04 
57.BIl 
56.4R 
12.35 

1.3B 
44.13 

7.7.49 
15.26 
1.05 

17.91 
35.10 
30.68 
55.16 
48.()5 

9.55 
7.11 

38.50 

30.81 
22.61 

2.52 
22.48 
9.23 

43. III 
45.03 
31.83 
6.79 

13.20 
25.04 

35.98 
19.97 
lIi.06 
22.47 
8.07 

33.43 
41.92 
31.43 
6.26 

10.49 
25.17 

31.00 
20.68 
4.47 

24.88 
8.52 

41. 45 
45.29 
32.80 
6.55 

12.49 
26.25 

a All analyses are on a dry matter basis. 
b 

All treatment percentages are on a wet basis. 

c Cell wall constituents minus acid detergent fiber. 

d Acid detergent fiber minus acid detergent lignin. 



pH 	 and organic acids 

Barnett (1954) characterized the microbial fermentation of silages, 

prepared without additives, as follows: 


Phase 1. 	 Respiration of plant cells results in the production 
of CO?' utilization of simple carbohydrates, and the 
flow of H 0 from the crop mass. These events are2
accompanied hy the evolution of heat. 

Phase 2. 	 Production of acetic acid. 

Phase 3. 	 Initiation of lactic acid fermentation. 

Phase 4. 	 Stage of quiescence, lactic acid production passes its 
peak and remains constant along with a constant pH of 
less than 4.2. 

These 4 phases are complete Ivithin 17 to 21 days. If the conditions 
withing the silage are unsatisfactory, lactic acid production is incom
plete and another phase occurs. 

Phase 5. 	 Attack by butyric acid-producing organisms on the residual 
soluble carbohydrates and the performed lactic acid. In 
extreme cases, amino acids are deaminated to form higher 
VFA's and ammonia or decarhoxylated to amines and CO • 

2 

The purpose of the silage additives, namely organic acids, is to: 

1. Limit 	cell respiration processes hv rapidly lowerinF, pH. 

2. Promote lactic acid fermentation. 

3. 	 Allow preservation of crops which do not readily lend themselves 
to ensiling (crops with low water soluble carhohydrates 
and high moisture contents). 

The pH and organic acid contents of acid-ensiled aquatic plants 
are given in tahle 6. The control and experimental fertmentations con
tinued into phase 5 and produced undesirahle silage, namelv, a pH above 
4.2, a low lactic acid content of O.?/' and a high butvric acid content. 
Additions of the various acids reduced the production of butyric acid. 
Formic acid (0.5%) was the most effective, hut did not eliminate butvric 
acid production. Butyric acid is produced from lactic acid, as previously 
stated, or by direct action of saccharolytic organisms on disaccharides 
(Barnett, 1954). Since all aquatic plant silages contained low amounts 
of lactic acid, butyric acid was assumed to be produced from lactic acid 
as shown hy the following equation: 

~CH3-CHOH-COOH ---> 2H2 + ?C0 + CH -CH -CH -COOH
2 3	 2 2 
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Fermentation of lactic acid by butyric acid anaerobes will not occur 
unless hydrogen acceptors are present. Some of the pigments found in 
silage are hydrogen acceptors (Barnett, 1<)54). Aquatic plants nrobably 
contain more hydrogen acceptors than silage. 

Lactic acid, a stronger acid than anv of the other fattv acids, 
exerts a dominating effect on pH. ",'hen short chain fatty acids are 
formed from lactic acid, increases in pH are correspondinglY taking 
place (Barnett, 1<)54). 

The organic add contents and pH values of the alfalfa havlages 
produced in this study (table 6) are characteristic of good silage. 
Waldo et a1. (1971) reported that aHal fa silage treated with 0.5% 
formicacid was lower in pH, lactic acid and butyric acid, but equal 
in acetic acid content to untreated silages. These results were in 
agreement with those of the present studv except for the decreased 
concentrations of acetic acid. 

Organic acid contents and pH values of aquatic plants ensiled with 
5% corn, 50 and 75% haylage (table 7) were similar to organic acid con
tents and pH values of acid-ensiled aquat; c plants. The additions of the 
corn or haylage as sources of soluhle carhohvdrates did not improve 
aquatic plant silage quality. 

Additions of 50% havlage to the sterilized aquatic plants produced 
a silage of more acceptahle quality than did the addition of 50% haylage 
to uns teri Ii zed aquatic plants (table 7). Sterilization of aquatic plants 
prohahly destroyed butyric acid producing organisms, resulting in higher 
lactic acid concentrations. 

Additions of .5% corn and 5% corn oil to haylage produced no dif 
ferences in pI! or 1act lC ad d contents (table 7). Other orRani c acl ds 
were lower in the treated with 5% corn and 5% corn oil than in 
the control (table This observation conii rms that of Jackson and 
Anderson (l'l71) Ivho reported that arachis oil decreased the VFA content 
of wilted hergabe silage. 

Apparent dlgestibilities and nitrogen retentions of aquatic plant 
and havlage rations are shown in tahle 8. Dry matter and nitrogen in
takes were lower for all three rations that contained aquatic plants. 

Apparent organic mat ter digestihi1itv was lo\.ler for the ens] led 
aquatic plants (54.00%) and highest for haylaRe plus corn (68.17%) 
Additions of corn or haylage to aquatic plants increased oq~anic matter 
digestibility significantly (P<.05). 
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Crude fiber digestibility was significantly (P< .05) higher for 
the ensiled aquatic plants than for the other four diets. Apparent 
cell wall constituent digestibility was lowest for the ensiled aquatic 
plants. This ration also was highest in lignin (table 2). 

Apparent energy digestibilities did not differ among the sheep fed 
aquatic plants, but were significantly (P<.05) lower than those of lambs 
fed the haylages. Digestible energv is directly related to the total 
digestibl e nut rienls contained in a feed (S,,,ift, 1957). Total digestible 
nutrients (dry matter basis) for ensiled aquatic plants, aquatic plants 
plus corn, aquatic plants plus haylage, havlage and haylage plus corn were 
35.19, 25.72, 32.98, 64.44 and 67.26%, respectively. 

Nitrogen digestibility was lower (P<.05) in aquatic plants than in 
havlage or haylage plus corn. 'l11e nddition of corn to aquatic plants 
decreased nitrogen digestibility. Nitrogen retention data can not be 
validly compared because feed intake varied considerably. Neflative nit
rOflen retention of 1abms fed aquatic plants reflected the lOlver nitrogen 
and digestible enerfly intakes of these lambs. 

Organic acid and pH content of ration fed in the diflestion trial are 
presented in table 9. Similar fermentation patterns characterized these 
aquatic plant silages, namely higher pH, lower lactic acid content 
and higher total amount of organic acids than that observed in alfalfa 
haylages. Higher contents of butyric acid in aquatic plant silages may 
have had a depressing effect on drv matter intake. 

The pH and organic acid contents (molar %) of rumen fluid are shown 
in table 9. Ruminal acetic acid levels were significantly (P<.Wi) lower 
for sheep fed rations that contained aquatic plants. However, acetic 
acid levels were not different betl~een the three aquatic plant rations. 
Propionic acid was significantly (P<.05) higher for sheep fed the ration 
with aquatic plants plus corn. Rumen fluid of lambs fed ensiled aquatic 
plants or aquatic plants plus haylage ration was significantly (P<.OS) 
higher in butyric acid than the other three rations. Ruminal.valeric 
acid was highest for lambs fed havlage and haylage plus corn rations. 

The acids produced by microbial fermentation in the rumen are end 
products of various intermediary reactions. These inter-relationships 
accompanied bv many variables such as energy content of diet, ruminal 
pH, absorption rate and ruminal fatty aCld turnover rates (Bauman ~ a1., 
1971) influenced the production and concentration of total and individual 
fatty acids. These factors make rumen data difficult to interrupt. 
Acetic acid is derived through microbial fermentation from pyruvic acid 
or by oxidation of butyriC acid (Barnett and Reid, 1961). Butyric and 
acetic acids are interconvertable (Church, 1969). Propionic acid is 
derived from the dicarboxylic acid pathway involving succinate or the 
direct reductive pathway involving lactic and acrylic acids (Baldwin, 
1965). Valeric acid is probably derived from condensation of propionic 
and acetic acids (Barnett and Reid, 1961). 
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TABLE 8. Digestibilities and 
and Hay~e Diets. 

a 
Ni trogen Retentions 

Ensiled Ensiled 

of Aquatic Plant 

mixture mixture Ensiled 
of of mixture 
92.8% 49% of 
aquatic aquatic 92.5% 
plants plants haylage 

Ensiled plus plus plus 
aquatic 7.2% 51% Ensiled 7.5% 

Item 

4 4 4 4 4 

586.3 712.4 664.6 875.1 1099.8 

41.40 32.04 38.46 fi1.(H 66.18 

54. 66 e 58. fi4.13
c 68.l7e 

61.80
b 50. S1.60

c 45. 50. 

39 53.02
c 44.38

d 47.65
d 

55.97
c 

51. 18
b 

54. 49.63
b 60. 65. 

9.83 54. 49.63
b 29.52 33.61 

39.74 34.36 55.22 71.18 68.81 

45.60 41.82 73.04 63.50 57.28 

33.0l
b 22. 40.91d 74. 74. 

_.88b -1. 3l
b _4.07c 3. l2d 5. 

a All dietary composition percentages are on a wet basis. 

b, c, d, e Means within a row with different superscript letter differ 
significantly (pc.OS). 
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No. lambs 

Dry matter intake 
glday 

Percent digestibility 

Dry matter 

Organic matter 

Crude fiber 

Cell wal 
constituents 

Energy 

Nitrogen intake glday 

Urine nitrogen 
(% excreted) 

Urine 
(% 

Nitrogen 
digestibility, 

Nitrogen retention, 
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TABLE 9. 

Item 

Ensiled 
aquatic 
plants 

mixture 
of 
92.8% 
aquatic 
plants 

.2%a 
corn 

mixture 
of 
49% 
aquatic 
p] ants 

a 
haylage 

Ensiled 
Haylage 

Ensiled 
mixture 
of 
92.5% 
haylage 

7.5%a 
corn 

Forage 

pH 6.35 5.58 

Organic ac:ids -----------------

Lactic 0.05 0.34 

Acetic 1.71 1.52 

Propionic 0.57 1.51, 

Butyric 1.45 1.07 

Va1eric 0.04 0.04 

pH 7.1 7.t, 

Organic acids __________________ 

5.45 4.10 4.18 

DM --------------------

3.05 5.59 4.32 

2.13 2.91 2.98 

2.26 0.0 0.3!, 

1. 6{~ 0.0 0.35 

0.06 0.0 0.10 

Rumen
b 

7.5 6.2 5.8 

Molar % ---------------- 

Acetic 56.14~ SlI.l,Oc 56.21
c 58.44

d 59.52
d 

Propionic: 25.78 32.16
c 26.20

d 27.63
d 27. 

Butyric 17 .10~ 17..43 16.13
c 12. 11. 

Valeric 0.98 1.00 1.47 L 70 1.62 

Acetic:propionic 
acid ratio 2.18 1.69 2.14 2.12 2.17 

a Hixture percentages are on a Ivet basis. 


b Rumen samples were collected 4 hours post prandially. 


c ,d Means with different superscripts differ significantly (P<. (5) • 
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The results reported herein indicate that the lower acetic: prop
ionic acid ratio (table 9) of lambs fed the aquatic plant plus corn diet 
were due to an increased proportion of propionate and not to a decreased 
concentration or production of acetic acid. Bauman et al. (1971) re
ported that the increased proportion of propionate observed when h1gh 
grain-low fiber diets are fed is due to an increased production of 
propionic acid and not a decreased production of acetic acid. The 
aquatic plant plus corn ration contained 7.23% crude fiber (table 2). 

SUMMARY AND CONCLUSIONS 

These experi ments were conducted to: (0 characterize the fermenta
tion of aquatic plants ensiled with and without additives; (2) to de
termine the digestibility of dried and ensiled aquatic plants bv lambs. 

Aquatic plants ensiled with the addition of organic acids, corn or 
haylage produced silages of undesirable quality. After 47 davs of fer
mentation, aquatic plant silages were found to have a pH (above 11 .2) 
and a low lactic acid content (1 ess than 1% of dry Concentra
tions of acetic, propionic, butvric and valeric acids were found to be 
higher in aquatic plant silages than alfalfa hav1ages. Additions of 
haylage to sterilized aquatic plants before ensiling resulted in a silage 
of more desirable quality. 

Dry matter and crude protein digestibilities, as determined by 
difference, for sheep fed 
bescens or Potamogeton 
alfalfa. However, energy 
Hyri ophyllum 
palatable 
alfalfa. 

Dry matter intakes of 

diets that contained either ~-7~~~~~ 

highest for lambs fed 
appeared to be more 

were inferior to dehydrated 

labms fed ensiled aquatic plants, aquatic 
plants plus corn or aquatie plants plus haylage were lower than lambs 
fed either haylage or hay1age plus corn diets. Organic matter digesti 
bility was lmvest for lambs fed ensiled aquatic plants and 11ighest for 
lambs fed a haylage plus corn diet. Additions of corn and haylage sign
ificantly increased aquatic plant organic matter digestibilitv. Crude 
fiber digestibility was highest, whih~ cell wall constituent digestibility 
was lowest for lambs fed the ensiled aquatic plant diet. Energv and nit 
rogen digestibi1ities were lower for lambs fed diets that contained 
aquatic plants than for lambs fed hay1age diets. 

Rumen fluid from lambs fed the five ensiled diets ,,,as sampled 4 hours 
feeding. Rumen pH was higher and acetic aeid concentrations (molar 

were Im"er for lambs fed diets that contained aquatic plants. Prop
ionic acid was highest in the lambs fed the aquatiC plant plus corn diet. 
Butyric acid was highest in rumen fluid from lambs fed the aquatic plant 
and the aquatic plant plus havlage diets. Acetic:propionic acid ratio 
was lower for lambs fed the aquatic plant plus corn diet than for lambs 
fed the other four diets. 
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Thi stud~- suggests that palatability of aquatic plants is a limiting 

factor i: thei r use as a forage. Drying or ensiling do not appear to be 

satisfac:lry procedures for improving palatability. Hence, development 

of other nethoc:. s for storage and feeding along with improvement of har

vesting :~acti;;:: es and consideration of economis are necessary before 

large sc~e feed production of aquatic plants is feasible. 
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