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ABSTBACT 

The production, processing and storage of protein-rich juice 

extracted from Ladino claver (Trifolium repens L.) was evaluated for 

\ possible use as a protein supplement in swine rations. 

Dry matter yield of fresh forage ~aterial, juice yield from 

this forage material, as well as yield or protein concentrate from 

the Juice through a fermentation process were recorded from plots 

with six successive first cut dates and recut at twenty-eight day 

ihtervals thereafter. Processing of pre-bloom forage material 

proved to yield highest amounts of protein coneentrate. 

Yields of all fractions, involved in~p~~cessing forage leaf 
o - ___ ~~ 

material, from red claver (Trifolium pratense cv. ottawa), allalfa 

'(Medicago sativa cv. Iroquois) and Ladino clover eut at 1/10 bloom 
i· 0 

were .coQ!Pared. No significant differ~r:tces in seasonal yield of 
! 
/ 

proteinl concentrate perl tmit area among these species was observed. 

Additives, includ:il2g acetie acid and molasses, were useful in 

prolonging storage life of leaf protein material. Both methods were 

equally effective for storage purposes but immediate coagulation of 

protein on the addition of acetic acid resu1ted in the greatest 
'-... 

yield of'protein concentrate. 

Many problems associated with the· production, processing and 

storage of protein-rich juice, extracted from Ladino clover are 

evident from this project. Protein concentrate from Ladino clover 

cannet be recommended for use as a prbtein supplement in swine 

rations at this time. 

\ 
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Abrege 

La production, la transformation et l'entreposage de jus riche en 

protéines extrait du trèfle Ladino (Trifolium repens L.) a ét~ évalu: pour 

une utilisation possible comme un supplément de protéine dans des rations 

pour porcs. 

La production de matière s~che de ce mat~riel de fourrage frais, la 
, ~ \ 

production de jus de ce materiel'de fourrage, ainsi que la production de 

concentré de protéine du jus par un procéd~ de fermentation furent 

enregistrés à partir de lots avec six dates successives de première coupe 

et de recoupes à des intervalles de 28 jours par la suite. La transformation 
" ., ,-de materiel de fourrage avant sa floraison s'est avereé produire une plus 

.) . , , ,. 
grande quantite de concentre de proteine. 

On 'a comparé la production de toutes ,ractions,impliquies dans la 

transformation des feuilles de fourrage, à partir de tr'èfle rouge 

(Trifolium pratense, cv. Ottawa), de luzerne (Medicago sativa, cv. Iroquois) 

et 'de trèfle Ladino coupe 'à 1/10 de sa floraison. On a remarqué aucune 

diff~renee significative dans la production saisonnière de concentré de 

protèine par ~té â' aire parmi ces espèces. 

Les additifs, y compris l'acide acétique et la m6lasse, étaient utiles 
" ;' pour prolonger la vie d'entreposage des matieres de proteines de'feuilles. 

Les deux méthodes étaient aussi efficaces pour fin d'entreposage mais une 

coagulation imm~diate de protéines avec l'addition de l'acide ac~tique a 
, , \ ' ; 

resulte a la plus grande production de concentre de proteines. 

Plusieurs probl~mes associés a la prodqction, la t~ansformation et 

l'entreposage de jus ri'che en prot~ines extrait du tr.ène Ladino sont 

~vidents dans ce projet. On ne peut recommander 2-e, concentré' de protéines 

du tr~fle Ladino po~ utilisatio~ c~mme l supplément de prot~ine dans les 

rations pour porcs a ce moment. 

, -
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INTRODUCTION 
"Il 

The production of high quality hom~-grown protein for supplementation 

of swine diets i5 one goal. of farmers in the Atlantic Prov:inces of Canada. 

Because of the climate, soybeans, which are commonly used as a protein 

supplement, arE;) not a reliable crop. Forages, on the other hand, grow and 

produce well under the cool, moist conditions of the region. 

The development of a system whereby forage, material 1s fractionated 
C\ 

into a protein-rich juice, for, use as a supplement ,in swine 
,r-

rations land 

pulp, for ruminant feed, i8 therefore of interest. 
\ 

, 
Trends'indicate that the yield of protein concentrate from forage 

decI,'eaSes with increasing maturity (Lee ,and Smith 1972). An experiment was 

thèrefore-designed in an attempt to establish the growth stage at which 

forage material 8hould be cut to yield the greatest amount of, protein 

through the fractionation prq~ess. Ladino clover was the major spec1es 
'. 

used in this experiment although sorne work was carried out with red 
o 

clover and alfalfa. 

Once the fractionation process i8 complete, juice must ba used 

quickly, or ~urther processed, as chemical reactions océurring saon after 

express~o~ of the j~ce cause rapid deterioration evidenced by a change 

in color and odor as well as a th1ckening of the juice. The'need for 

protein for diet supp1ementatian during tge winter months when fresh 

materialu'is not available necessitates the long-term storage of 1eaf 

proteine Both fermentation (Anonymous 1977) and addition of organic 

acids, (Arkcoll 1973) have been suggeSteêras treatments to prevent spoilage. 
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A third experiment was then devised to tést and compare fermentation t 

with and without the addition of molasses, and the addit~on of organic 

acids as methods of storing the protein-rich forage juice. Such 

processes concentrate the leaf protein through coagulation therefore 

yields of protein concentrate attained by various treatments were 

compared. 

-In surnmary, the goals of this project were: (1) to deterrnine the 

growth stage at which Ladino clover (Trifo1ium repens L.) yields the 

greatest arnount of leaf protein through fracti onati on , (2) comparis~n of 

yield of protein concentrate using allalfa, red clover and Ladino clover, 

(3) to evaluate several methods of long-term storage of the leaf juice 

protein. 

" ,. 
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LITERATURE REVIEW 

Green CroE Fractionation 

Green crop fractionation is a process in which green 1eaf material 

is separated into a protein-rich juice and a fibrous pulp material. The 

protein juice may be fed directly to non-ruminant animals or further 

processed for use as food or fead. The pulp residue can be fed ta 

ruminants either directly or after drying or ensiling. 

Freah Cut 

Forage Materlal Fractionati 

Juice 
-1\-

'JI 
Presaed Pulp 

1) Mixed with teed and ted directly 

(2) Heat - precipitates green curd. 
Further treatment to reduce pH, 
alao add Na metabisulphite 

3) Fermentation 

(4) A~dition of organic acida 

Der,:oteinized Juice !'rom 
(2~ (3) and (4) u.sed tor 
!'erlilizer 

(5) Direct teeding to ruminants 

(6) Silage 

(7) Dehydrated 

',' 

Figure No. 1: Breakdown of products of fractionation 
and fermentation process 

, , 
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, Species For F'F~àtionation 

\;) 

'Most crop plants used in agric~ture have been selected according to , 

criteria such as the ability to yield abundant seed or the rapid production 
'le 

of ,dry matter but'these characteristics may well be adverse to production 

of leaf protxinO Pirie (197$) suggests that species' most useful for leaf 

protein prad ction will probably have flowering de1ayed or prevented: by 

sowing at un ual times or in unusual latitudes; by genetic manipulation; 

or through the use of growth regulators sa that senescence is delayed and 

there is a prolonged period of vegetative growth. 

Crops for use in a fractionation process should produce abundant, lush, 

protein-riëh leaves. Leaves should not be carried on a very fibrous stalk 

~s the energy needed for pulping will be excessive (Pirie 197$). The 1eaf 

should be neutral or slightly alkaline although acidity can be partly 
1 

c~unteracted by pulping with alka li"- 'Ih~ p,resence of tannins and phenolic 
\ ----, 

substances diminishes protein extractability. 

Possible sources of' leaf material are grouped into the following 

categories by Pirie (197$): 
. 

(1) Conventional species such as: wheat, ryegrass, alfalfa and 

clovers; 

(2) Leaves\; aVailable as the by-product of a conventional crop, 

such as: sugar beet tops, potato tops and p~s; 
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(.3) Tree leaves: ,litt le work has been done on this aspect although 

a food-producing tree crop would be ideal in tropical rain , 

forests; 

(4) Water weeds sueh as: water hyacinth; 
1 

(5) Miscellaneous: unconventianal species such as mustard. 

Ladino clover (Trifolium repens L.) is a iarge form af common white 

claver whilh originated in Italy and is now widely distributed. (Ahlgren, 
1 

G. H. et ~ 1950). The most favourable habitat is a moist, cool region 

in which growth is continuous. It will withstand greater temperature 

extremes than either red or alsike clovers. It is adapted to moist soils, 

especially clays and loams, which are abundantly supplied with phosphorous 

and potash: Growth is not good on strongly acid or alkaline soils. 

(Martin et al. 1975). 

Botanically, white clover is a perennial of widely different forms' 

with prostrate growth habit. Seecllings have a rosette type of ieaf growth 

and a small croWn from which stolons develap. stems root at the nades. 

Roots are generally shallow. Ladino type, except fo:r;- seed, is two to four 

times as large as common white. 

\ White 

1egumes as 

clover is one of the most nutritious and palatable of all 

only leaves and flowers are harvested. 
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Nutritive values differ, widely at different stages of maturity and 

are influenced by ctùtural practices and location. It varies less in 

nutritive value than other legumes where stems are harvested as part of 

the forage~ (Heath et al. 1973). 

Alfalfa (Medicago sativa) which is- referred to as lucerne in Europe 

is believed to have originated in southwestern Asia. As shown by its 

wide distribution, alfalfa has a remarkable adaptability to various 

climatic and soil conditions· (Martin et al. 1975'). 

\ The" alfalfa plant makes its best growth in relati vely dry climates 

where water is available for irrigation. It will withstand long periods 

of dro~ght due to a very deep root system but is unproductive under such 

conditions. Allalfa can tolerate both extremes of heat and cold. It is 

best adapted to deep loam soils with porous subsoils. Good drainage is 

essential and the plant requires a large amount of c4cium for 

satisfactory growth. (~artin et al. 1975).' 

Botanically alfalfa is an herbaceous perennial legume that ma~ live 

15 to 20 years or longe? in dry climates unless destroyed by insects or 

diseases. 

" 
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Red clover (Trifolium pratense) grows wild throughç>ut most of 

Europe and ranges far into Siberia. (Martin et 21.:. 1975) • 

Red clover thrives in a cool, moist climate and makes ~ts best 

growth on fertile, well-drained soils of pH. 6 :6-7.6 that contains an 

abundarice of lime. 

Clover'fai1ure, the par.t~al or complete 1055 of stands either in 

the seeding year or second year, may be caused by ah unfavourable sail 

condition, winter injury, disease or insects. (Martin et al. 1975). 
1 

Wild red clover is extremely valuable, mos~ of the plants being 

short-li ved perennials. Forms exist that are early, late, smaoth, 

hairy, prostra.te, erect and semi-erect. (Martin et al. 1975). 

Factors Influencfng Brotein Content of Leaves 

(a) llght and Temperature 

Bathurst .and Mitchell (1958) in contrallea 'growth cabinet experiments 

o on the effect of light and temperature on chemical composition of 

pasture plants'found soluble nitrogen showed marked changes with 

temperature and' light. Species studied in~luded pereruù.al ryegrass, 
,. 

'(Lotium perenne), short r..otation ryegrass (Lolium perenne x L. 

multif10rum),. ~~~~}um (Paspaluni dilatâ.tum), white clove:r (Trifoliurn 

repens), subterranèurn clover (Trifoliurn subterraneum) and lotus major 

(Lotus uliginosus). 

\. 
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With increasing temperatures (45~F. to 95°F.), ni~rate tended to 

increase and amino nitrogen to decreas~. Nitrate was higher in plants 

grown in the shade at high temperatures. Amino ac~ds differences were 

not as great but, generally', shade grown plants were higher in amino 

nitrogen than those grown in full light. 
1/. 

(, 

With advancing maturity and increasing light intensity, erude protein 
, , 

and in vitro digestibility of a1falfa decreases. (Garza et al. 1965). . --- . 
/ 

Forage compositi~n and digestibility are influenced by many factors the 

most important of whieh are light, temperature, age of plant and water. 

Garza suggests that the ~gher content of erude protein at low temperatures 

is due to a slower maturity of 1eaves, less rapid hydro1ysis of protein 

and slower translocation of nitrogen from the 1eaves. Low light intensity 

,favours ,a high percentage crude protein and a slight increase in cellulose 

pereentage but causes a decrease in dry matter and soluble carbohydrates. 

High temperatures causes a deerease in crude protein-percentages and in 

vitro digestibility but an increase in cellulose and soluble carbohydrates. 

Crude protein and in vitro digestibilit~ deereased markedly with maturity 

while,percentage cellulose increased. 

Reduction of light intensity with increasing temperatures progressively 

increases nitrate content, as reported by George (1967). Nitrate, over a 

period, continued to increase at low light intensities whereas it decreased 

at high light intensities. 
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'. Deinum (1966) stated that the dry matter production as well as the 

~,. dry matter percentage increased with higher light intensities. Crude 

protein, crude fiber, ash and N0
3 

were lower at the higher light 
~ 

intensities. At a higher. temperature, the dry matter yie1d and dry 

matter percent age were higher and contents of crude protêin, ash and 

water soluble carbohydrates were lower. 

Another study by Deinum and. D1rven (1974)' indicated that higher 

temperatures always cause a lower digestibility oi' herbage. Higher 
~ . 

light intensities cause a depression in erude protein ,and erude fiber 
\ 

,. -'bu·('show litt1e effect on digestibility. 
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(b) othar Factors 

Arkcoll and Festenstein (1971) reportej that the main factors' 

infl~encing production are nitrogen fertilizer, age at harvest, seeding 

rate and climate. The highest amount of protein is usually obtained by 
./ : 

harvesting just before vegetative growth ends and floral growth dominates'. 

Bath clovers and lucerne (alfalf'a) regrow and yield weIl when cut at bud 
, .. 

stage. ,The;v may be eut before this with litt le 108s in yield. Cutting 

at an immature stage, however, results in slimy, wet pulp which i5 

difficult to handle. 

Chernical constituents in the herbage of forage species that are 

important in ~al nutrition, inc1uding total digestible nutrients, 

sugars, protein, carotene, amino' acids and mineral elements, decrease in 

concentration with advances in maturit;y (Smith 1975). The changes in r 

concentration of chemical ~onstituents can be ~ore rapid in one species 

than another. For exarnple, the changes usually are more rapid in alfalfa 

than in Ladino c lover since the harvested product for Ladino c,lover is 

,essentiallyall leaf tissue. 

Loganathan and Krishnamoorthy reporled that lucerne cuttings ta]œn 

at thirty day intervals provided maximum yie1d of lush vegetation and 

leaf protein concentrate. 
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Deinum (1966) reported that dry matter production decreased while 

dry matter content is increased by water shortage. The contents of 
.' 

crude protein and ash increases with ârought. 

, 
Water shortages 81so result in higher digestibility (Deinum and 

• 
Dirven 1974.). 

. 
Factors Influencing Extractability of %rotein 

Published tables, 'listing extractability of protein from the leaves 
1 

of many species, can be very misleading because extractabillty depends 

on many factors other than species (Pitie 1978). Early experience 

justified the tent~tive generalization that the greater percentage of 

pr~ein in its dry matter the greater the percentage of that protein 

that will be extractable from a given species by a given technique. 

An example was the observation that the yield of leaf protein per m2 was 

smaller from a plot of kale (Brassica oleracea) given phosphorous and 

potassium than from an unfertilized plot because, althought the dry 

matter yield was increased by 6~, the amount of nitrogen in the dry 

matter was diminished by 56%. The generalization holds only for 

comparisons between different treatments given to plots of the same 

species; species containing more protein do not nècessarily extract 
\ 

better than others. It does, however, follow that there is ,a dis-

pr~portionate advantage in harvesting leaves that are young, well 
;, 

manured and well watered. They will not only contain more protein but 

more protein will be extractable. Species 8150 differ în the extent to 

-.. 

\ 



f' 

" 

, 
i' 
~ 1 

-
l' 
1 , 
i: , 
t. 
li 

,-

rJ 

J • 

- 20' -

which maturity diminishes extractability. 

Pirie (1978) also reports that the ratio of protein nitrogen dlffers 

between species and within,sp~cies, depending on cropping practices, 

temperature and possibly the time of day at which the leaf i5 eut. Non­

protein nitrogen iS,more difficult to use in commercial practice than 

nitrogen in leaf protein, or associated with ~he fibre residue. Species 

and conditions should be chosen in which non-protein nitrogen is as small 

a fraction of the total nitrogen as possiple. Sorne species produce 

extracts which are glutenous e.g. comfI'~ (Symphytum asperrirnum and 

Symphytum officinale) ,or ~weet potato (Ipo~oea batatas) or forms an 
\, 

intractab1e mass of froth (e.g. sorne varities of l~cerne). 

Yield uf leaf protein'concentrate is-dependent on temperature, qry 

matter, fiber and protein content of alfalfa. Yie1d of juice i5 also 
, 

/ , 

dependent on alfalfa fiber and dry matter content (Edwards et al. 1978). 

Pirie (1978) also indicates the genera1 phenomenon of the decline in 

yield of extractable protein at about the-time of fl6wering. 

"""" 

,_~ J 



-t..'I 

L 

- 21 -

Machinery Used in Fractionation 

Once harvested, the fresh material must be processed ta separate the 

protein containing juice from the fiber. 

Many designs of screw-expellers and sugar cane raIls have been tested 

at Rothamstead but all have been found unsatisfactory. Screw-expellers 
1 

were rejeeted beeause they cansumed a great deal of power and because the 

continued rubbing in them introduced an tmdesirable amount of finely 

divided fiber into the juice •. For reasons of both economy and to avoid 

over-heating of the material in the machine, power consumption must be kept 

low. Rollers were also found to be undesirable as several passes Of 

material were required to get satisfàctory liberation of juice._(Pirie 1971). 

Researchers decided that pulping and pressing could probably not be 

managed on a large seale in one unit. As a result t a series of pulpers 

able to handle one ton of crop pe:r:: hour were designe~. In a conventional 

fixed-hammer mill, the plant material stays inside until i t is sufficiently 

ground to pass through a grid. Pulp from a crop containing 80-931& water 

forms a mass, ,cl,ogging the grid. Clogging can be overcome either by drying 

the material 50 that it will blow through or wetting it 50 it will flow 

through. Drying coagulates the protein on the fiber and wetting dilutes 

the resulting extract. (Pirie 1971). 

---
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One early (1970) model of pulper had a cylinder within whictl a set 

of beaters, fixed ta an axial shaft 1 rotated. For very tough crops, sorne 

prongs could be inserted through the casing into the spaces between the 

beaters so as to break the flow and increase the amount of pulping. The 

crop was fed in one end of the pulper and the pulp discharged at the 

other. It came out whether it had been properly pulped or not and it was, 

therefore, almost Ï!Dpossible to choke the pulper. Control over the amount 

of disintegration was given by using beaters differing slightly in form, 

by the use of prongs and by varying the speed. (Pirie 1971). 

Much of the protein in extracts from pulped leaves is in chloroplàst 

fragments and other particles that are visible under the microscope. If 

pressure is~-applied to the pulp in such a -manner that a thick compacted 

fiber layer is formed, these particles are fi1tered off. The basic 

principles of press design are therefore: the pressed layer should not 

be more than 6 mm. thick, pressure should not be applied suddenly, and 

the pressure should be maintred for several seconds sa as ta allow time 

for the juice to run away. Pressure of 2 kg. / cm 2 is sufficient to press 

out 9C1fo of the juice that is extractable at very much greater pre'ssures. 

(Pirie 1971). 
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One satisfactory press, from Rothamstead, has an endless be1t of' woven 

nylon coated with PVC, tensioned and passed around a pulley with a 

cylindrical face of perforated metal. The pulp flies out from the puJ;~~ 

onto the inner face of the belt so that it is pressed between the belt· 

and the perforated face. The juice is pr-essed through the perforatiops 

into the pulley and then rtms out over its edges into a tray. An auger 

\ removes the pressed fiber from the exposed surface. A. small amount of 

the f'iber i5 pressed through the perforations and sometimes some is pressed 

o~ sideways. This fiber may be removed by strainirig the juice. 

Products Of The Fractionation Process 

Kohler 8Ild Knuckles (1977) reported that when allalfa i5 ground and 

pressed the juice contains 35-60% of the crude protein qut only about one 

third of the solids of the raw material. The remaining two thirds is in 

the f'orm of a pressed pulp and must be ef'f'ectively utilized as -a feed if 

protein recovery from the juice is to be economi.cally feasible. 

(a) Juice 

(1) Preservation Methods 

Leaf juice may be stored whole for short. periods of time but rapidly . 
~ 

putref'ies BIl:d, therefore, must be preserved un1ess quickly fed. (Tilley 

and Raymond .l957}. Processing gener.ally invo1ves heat~ ta precipitate a 

green Ctlr~ .containing about 15% of _th~. original dry matter. The rem~g,,_ 

dry matter is lost in "!:-he supernatant liquid usua.ll'y referred te as 

deproteinized juice (Dumont and Boyce 1976). 
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PiTie (1975A) states that heat coagulation is generally accepted a~ 

r the most satisfactory method of maldng protein curd. The extracted "wheY" 
#' 

is returned to the land where the N. P. and K. would be useful and the 

l - 3% carbohydrate used as a soil conditioner. 

Cheeseman (1976) observed variations in the composition of whole and 

deprotenized juice and attributed this to seasonal effect and amount of 

applied fertilizer. Freshly expressed juice undergoes fairly rapid 

deterioration involving a drop in pH and increase in non-protein nitrogen 

bath of which are related to storage temperature. Heat treatments inactivate 

endogenous enzymes but further treatment is necessary to control microbial 

spoi1age. Several means of preservation were tried such as heat (steam 

injection to raise temperature to 850C.),- pH 3.0 and 4.5 (by addition of 

concentrated hydroch1oric acid, formalin (0.1 and O.~% V/V) and sodium 

metabisulphite. It was concluded that adjustment of the 'pH to 3.0:t 0.2 

together with added sodium metabi3ulphite would satisfactorily preserve 

heat-treated forage juice for a period of several weeks at ambient 

temperatures. 

A similar procedure was described by Braude (1974). Tests showed 

essential amino acids remained constant during storage but, after six 

months, a slight loss of phenylaline and leucine was evident. 

\ 
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Wisconsin workers (Anonymous 1977B) carried out experiments on 

separation and pres~rvation of plant juice by anaerobic fermentation 

with only bacteria normally found on leaves and stems carried into the 

juic~ as innoculum. 

Be~ore the Wisconsin wark using fermentation is further.reviewed, 
1 , 

organisInS and processes invol ved in silage production sho~d be 

reviewed. 

During the fermentation process of silage, lactobacteria from leaf 

material multiply using the soluble carbohydrates of the material 

producing organic acids (mainly lactic and acetic aCid), thus lowering 

the pH o~ the material. Alsa cantained On the leaf material is the 

undesirable bacteria clostridia which breaks down the organic acids 

and sugars to produce butyric acid. These baderia are also responsible 

for the breakdown of proteins in the material. Once clostridia start to 

rnultiply, they use up organic acids and sugars, reducing the amount of 

acid being produced and the pH increases. Decomposition of the protein 

produces arnmonia which neutralizes 5 orne of the lactic acid which further 

increases the pH. As a result 1 the juice becomes 'Unstable and decom­

position continues. If material is over 82% moisture, pH must be 4.0 

or lower to prevent decomposition. Immediate aqdition of organic acids 

reduées the pH of the rnaterial and this encourages the bacteria that 
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ferment the sugars producing lactic acid. As a result of lactic acid 

production, there is a further steady fall in the pH. In practice, 

the pH reached may be no lower than that reached by a normal 

fermentation proces8 without additives, but silage with additives 

appears to be more stable during long-term storage. For crops which 

are naturally low in sugar, acid fermentation can be improved by the 
1 

addition of molasses. Increased availability of sugars allows more 

organic acids ta be formed, aiding in storage (Anonymous 1977A). 

Wisconsin workers report plant juice has a pH from 5.5 to 6.0 
1 

wh~n first expressed but, when air is excluded, acid-forming bacteria 

multiply forming org'anic acids and carbon dioxide, as occurs in sil age 

production: The pH drops within one ta four days and, at this point, 

almost all of' the protein precipitates as a fine coagulum. which 

slowly settles out. Fermented samples have been maintained at room 

temperature for periods from a few weeks ta four years without spoil-

age. Spoilage may occur after a period and is apparent by a gradual 

increase in pH. This spoilage may be due to a slow leakage of air 

into the containers or a change in type of fermentation. (Anonymous 

1977B) • 

Fermentation of alfalfa juice, low in fermentable carbohydrates, 

was most subject ta spoilage and this was reduced by the addition, of 

molasses which is converted to organic acids in the fermentation 

process. (Anonymous 1977B). 
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Protein yielded by fermentation of alfalfa juice was only two-thirds 

of that by heating. Alfalfa juiee is high in proteolytic enzymes which 

converted sorne insoluble protein to soluble peptides or amino acids in a 

six day fermentation. Shorter fermentation tirnes have given higher 

yields from alfalfa,)lp to 88% of that from heating. (Anonymous 1977B). 
, 1 

" Fermentation of cassava juiee on the other hand yielded 51% more 
" 

than by heat coa~ation. It thus appears that in sorne-cases coagulation w, 

by anaerobic fermentati'on may increase the yield of plant juiee protein 

by formation of single cell protein from earbohydrates and non-protein 

nitrogen in the juice. In other cases, proteolytic hydrolysis of plant 

protein may decrease yields. (Anonymous 1977B). 

It is felt that coagulation of plant juice protein by the anaerobic' 

fermentation prÇ>cess can result in significant energy savings when 

compared to heat coagulation. (AnJymous 197713). 

Collection of fermented coa ate within two weeks of the onset of 

fermentation is recommended with the deproteinized juiee used as a, 

ferlilizer. Moist coagulum can then be incorporated into feeds. 

(Anonymous 1977B). 

" 
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Arkco11 (1973) :round that 2% acetic acid added to the wet lea:f protein 

was adequate to prevent growth of Hel tolerant fungi. Acetic acid is more 

effective than lactic acid and salt both of whieh must be added at 15% to 

comp1etely inhibit microbeal growth. It has also been found that the addition 

of 3.5% W/W formie aeid he1ps prevent spoilage. Subba Rau .Ëi ~ (1967) 

also repqrted that 2% aeetic acid in wet cakes preserved them satisfactorily. 

~\ Dry protein ean be handled and transported more conveniently and eheapiy 
, 

than wet material. As long as the protein is kept below 9% moisture, 

xeràphilic fungi are unable ~o grow. When drying protein material, care must 

be taken ta pre vent a black gritty material on grinding. Oxidation of lipids 

in the product may be a prob1em at;ld can be avoided by extracting these with a 

solvent such as acetone. (Arkeoll 1973). 

(2) Feeding Value 
1 

Proteins are bui lt from twertty amino acids eight of which must be 

supplied in the diet,_ of non-ruminant animals. The limiting amino acids 

in most plant proteins, including forages and plant juice protein, are 

the sulfur amino aeids methionine and cystine. These sulfur amino acids 

may be oxidized in the presence of air by axidati ve enzymes in the juice. 

Data suggests that anaerobie fermentation may give cèmcentrates of better 

nutritive value than that coagulated by heat. Saponins in alfalfa juiee 

are destroyed in the fermentation sa that the fermented juiee or protein 

concentration is less toxie. (Anonymous 1977B)· 
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Oshima and Oouchi (1976) fed rats a di~t containing Ladino clover 
t'lS 

leaf protein concentrate as a so;te protein source to supply 10% crude 

proteine It was found that the first, second and third limiting amino 

acids of the Ladino clover leaf protein concentrate for growing rats 

were methionine, lysine and threonine, respectively. The biological 

value of the protein concentrate was 21 and was improved to about 90 

by suppl~menting the three limiting. amino acids. True digestibility 

of proteïn irl the protein concentrate was slightly lower than 80%. 
1 

Alfalfa protein concentrate was also tested as a protein supplement 

in rat diets by Myer & èheeke (1975). It was found that once lysine and 

methionine defïciencies were corrected it was equivalent to soybean meal 

as a protein supplement. 

Fermented whole allalta juice and fermented moist coagulum have been, 

incorporated into swine rations. Pigs fed the whole fermented alfalfa 

juice which had been stored for a long period of time grew to qislike it. 

This could have been due to changes in the juice or excessive miner al 

intake from the juice. (Anonymous,;,1977B). 

If pigs are fed f'resh unpreserved juice, consumption is good but 

over-all performance, especially the feed-gain ratio, is lower than meal-

fed animals. (Mitchell 1978). 
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Braude (1974), indicated that true protein nitrogen in lucerne juiee 

could have considerable value for growing pigs. Care must be taken in 

handling juice as substantial portions of true protein nitroge~ may be 

lost by inadequate processing of juice during st orage • No difficulties 

were experienced in t'eeding l~cerne juice to young pigs but it .was 

suggested that it may not be fed to pigs until they reach 25-30 kg. For 

optiumum feeding results, juice should be t'ed on the basis of true 

protein value rather than on its total nitrogen value. This indicates 

the pig is unable to make significant use of the non-protein nitroge~ 

fraction. In order ta achieve performances comparable to those of a11 

meal-fed pigs, juice should replace only one-half the normal Protein 

supplement up to 54 kg. li veweight and all of it thereafter. 

Braude et al. (1976) concluded that either grass or lucerne juice, 

fed fresh or preserved, can supply a substantial amount of protein in . 
the diets of growing pigs. Problems that arise from feeding the juice 

fresh, such as bulkiness and palatability, may restrict f~ replacement 

of either fish or soybean meal in diets. 
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(3) Deproteinized Juice 

Deprote:i.n;ized alfal.fa juice constitues ·over one-half of the weight of 

the harvested green alfalfa and must be âisposed of. It contaLLls relatively 

large amounts of N and K as well as smaller amounts of P, Ca t Mg, and micrd-

elements and is, therefore, useful as a fertilizer. When deproteinized 

alfal.fa juice was applied at depths greater than 1. 25 cm., plant damage occurs. 

Per hectare yields of crude protein were increased by fertilization with 0 

deproteinized alfalfa juice. Avai1able P and exchangeable K in the soil 

generally increased and pH was maintained at satisfactory levels as a 

result of Ca and Mg additions from the juice. (Ream et al. 1977) • 

, 
Walgenbach et &.:. (1977) conc1uded that unknown phytotoxins 

1 

c ont ained -"in the deproteinized juice or produced as microflora breakdown 

products were resp,onsible .for the plant damage at high application rates. 

(b) Pulp 
Il l 

-
The composition and n~tritive val~e of the pressed crop depends on 

the composition and nutritive value of the whole crop from which it is 

derived and the machines used to express the juice. The pressed crop 

contains about 50-80% of the dry matte:;- harves~~d in the wh ole crop and, 

there.fore, the utilization of this fraction is important. Pressed crops 

can be fed fresh, ensiled or artificially dried, to ruminants. (Connell 

& Houseman 1976). 
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Fractionation reduces crude protein by up to 25%, digestible organic 

matter values by about' 5% and total ash content by almost 35%. In 

addition, the pressed crops have been pulverized during the process. 

(Connell & Houseman 1976). 

Promising results indicate that fresh pressed ,crops can be utilized 

effectively by cattle. Pressed crops ~nsile easily although diff~culties 

have been reported with silages made ~rom pressed lucerne~ This is 

because of the relatively lower soluble carbohydrate content of the 
u " 

lucerne which can be overcome by the addition of molasses or acid. 

Results from feeding trials indicate that artificially dried pressed' 

crops can be reliably allocated to cattle on a basis of crude protein 'or 
p.. 

digest~ble organic matter or metabolisable energy values. (Connell & 

Houseman 1976). 
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o 
M:t TERIALS AND ME'IHODS 

Th~ !'!ova Seotia Agricul tural College field plot area is situated 

near the Training Sehool on the Brookside Road in BiQ..le Hill near 

Truro,- N. S. The area is a gently sloping field of soil elassified 

as a Truro sandy loam, which was derived from red sandstone. The 

soil is fairly weil drained by a reeently installed subsurface drain-

age system. 

A horizon o 

The pH of uncultivated soil of this type is recorded as 
\ 

= 4.2, A2 = 4.6, BI = 4.6, B2 ,;, 5·0 and C = 4.6 •. 

Forage Material 

Ladino clover (no specifie cultivar) materiaJ. for experiments was 

,grown on plot 31-3. This plot had lime applied at thé rate of 1 t/ha. 

in the fall of 1975: Actual pH of the area was 6.7. Area was seeded 

May 27, 19S0. Six hundred kg. /ha. 5-20-20 + 2B was added at 
> 

seeding. Fertilizer was applied to plots at the rate of 600 kg./ha. 

5-10-30 in early spring and 200 kg.Jha. 0-0-60 after each eut. 

I! 

) , ' 
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ottawa red clover was obtained from the double cut red clover trial 
-. 

plots (area 22-2) which were planted in 1980 and 'treated with the same 

fertilizer treatments as the Ladino. 
\ 

Sj,milarly, Iroquois alialf'a was· 

. obtained from the regional alfalfa trial (plot 22-1) also planted in 

1980. pH of both areas was 5.9. 

Eguipment and Machinery 

} 

The forage harvester used in all cases was a modified Haban flafl 

type mower. 

, 
The pulper and press used in the fractionàtion process was ~ Weêdon 

o 

mini pulper and press. The manufacturer' s specifications are as. follows: 

, y 

A free standing machine basically of' r.olled hollow section steel 

cons~ruction.. One side is removable for belt "'servicing. 

At one end of the frame is a solid roller, zinc platéd, running in 

plummer blocks which in -turn are mounted on a carriage. This 'carriage is 

spring loaded by four springs of ~ tonne/inCh e500 Icg./25mm.) ra1?f, the 

tension of whi.ch. is adjustable. Th:is carriage in turn is part of' and 
J ' 

/ 

integral with a gearbox of 140071 ratio and mot or , fixed ta the sliding 

,- -

t' 



~ 
~ 

f 
" i. • 
~ 
! 
t 
f 

" 

t " Cl 
~ • 
" r 
" , 
t 
;, 

1 
\ 
\ 

! 

/" 
! 
1 

i._ 

<,' 

- 35 - , 

J 

carriage via rollers 'and rails mounted ta the base of the main framè so 
.' 

that with variation in the centres of the drive roller the whole unit 

can move to provide the neeàed adjustment automatically. 

At the other end of the frame is a perforated roller running in two 

fixed pl1lIlltner blocks. Connecting' both rollers is a cotton belt 1 PVC 
u 

covered food grade, with guide rollers: Â scraper is ,positioned just ta 

the rear of the perfor-ated cIrum t'c scr'ape 'off residue from the belt, and 

immediately ben~ath the scraper is an auger in contact with the perforated 

drum to remove the _dry fodder. The aug~r i6 driven by motor and gearbox, 

and is niounted at 90
0 

to te main axis of the machine. 

A chute is provided to guide the product from the Inini pulper onto , , 

, 
the belt in front of the perforated dr~. A stainless steel tray with 

~~ 

drain i6 positioned under the drum. 

Direct On line starters are provided for both mot ors • Weight i5 

approximately 1650 Ibs.-(750 kgs.). a 

Approximate dimensions of the Press: v 

55" (1396 mm.) high 

24" ( 609 mm.) wide 

90" (2284 mm.) long 
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figure No. 2 

Weedon mini pulper and press 

illustrating total mach:i.ne -

top chute for loading forage 

figure No. 3 

End view showing,perforated 

'(1A drum, belt and c0è}ecting pan 

for juice 

Figure No. 4 

Rear view showing 

collecting chute for pulped 

'material and auger for 

removing pressed cake 
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Protein Analysis (Kj eldahl Method) 

Digestion: One gram samples of dried material were weighed into 

large digestion tubes. 'IWo Kjeltabs M/3.5 (3.5g. K2~4 plus 2:75 mg. 

H20) were added to·each tube. Fifteen ml. digestion acid (lOQ~_parts 

concentrated H2S0
4 

plus' 5 parts concentrated H
3

P0
4

) were added as weIl 

as 5 ml. of 35% hydrogen perotide. Samples were digested at 420°C. for 

fifteen minutes in a Kjeltic System I. After digestion, samples were 

cooled 5-10 minutes and diluted with 75 ml. distilled water. 

q , 

) Distillation: Twenty-five ml. 4% Borie Acid solution with mixed 

indicators were poured into 250 ml. flasks ~abeled corresponding to the 

digestion --tubes. Ten ml. sodium thio su1.p~ate solution (Na2S20
3 

x 5H20 

300g.!I. water) were added to the digestio~.tubes. Tubes and correspond­

ing prepared flask were th en placed into the Kjelti~ System II. Fïfteen 

ml. of sodium hydroxide (40%) was dispensed into the tube. Distillation 
, ~ 

time was 3-4 minutes. Samples were then removed. Contents of the tube 
\ 

were discarded and contents of the flask$ titrated with hydrochloric 

acid. 

Calculations: The percentage protein of the samplés was calculated 

using the following formula: 

P t Pr t · (ml. HGI - blapkt x normality x 14.007 x f x 100 
ercen age 0 em = '1 ) ,mg. samp e 

In this case, f = 6.25. 

'i,1 
" 
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statistical Analysis 

Production of Protein Concentrate: 

(a) Ladino Clover 

Randomized complete block design was used for analysis of total 

and of individual cuts for dry matter yield, fresh juice yield, 

protein concentrate yield, percent protein of protein concentrate and 

actual protein yield. 

A combined analysis for each of the-above factors was carried 

out using the split plot design. Treatments, mean~ being first eut 

dates, were among the main plot units and cut means were within main 

plot units. 

(b) ether Speçies 

Separate analysis using randomized complete block design was 

used to compare means of total dry matter yield, juice yield, protein 

concentrate yield, percentage protein in protein concentrate and 

actual protein yield from the first eut and the total seasonal yield 

of red clover, Ladino c10ver and alfalfa, all first eut at the 1/10 

bloom stage. 



/ 

l_ 

- 39 -

• 

Analysis of total yield 'of protein concentrate, percent protein 

of protein concentrate ~d actual yield of protein using various 

storage methods was carried out using the split plot design. st orage 

treatments were among the main plot units, and time within main 

plot units. 
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Production of Protein Concentrate 

(a) Ladino clover - A randomized complete block design with six 

treatment (first cut dates)' was set up. First cut treatments began June 

Il, 1981, and continued weekly for six weeks. Growth stages at each first 
...-/ 

cut were identified. Material was recut at 28 day intervals. Harvest 

2 area was .Sm x 4.5m (3.6m. ). The yield and dry matter of fresh cuttings 

were recorded. Dry matter was determined by weighing a small random 

sample of forage in a paper bag, drying in the dryer for twenty-four hours, 

then weighing dry m~terial. 

Table No. l Growth stages used in fraetionation experiment at first 

cut dates of the Ladino clovep 

First eut Date Gtowth stage 
\ 

\ 

June Il Vegetative Pre-bloom 

June 18 Bud 

June 25 Early bloom (1/10) 

July 2 Full bloom 

July 9 Full bloom 

July 16 Late bloom 

\ 
Fresh eut material was processed through the Weedon mini pulper and 

press. Yield and dry matter of both the pulp and juice fractions were 

reeorded. The pulp was dispCfj.€!d. 
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Fresh juice from each plot was col1ected in a separate 41. glass jar, 

tightly covered and placed in a cool, poorly lit room one week to ferment. 

After the one week fermentation period, yield of protein concentrate and 

deproteinized juice were recorded. Dry matter percentage and percent age 

~ protein of the protein concentrate were determined. Total yields of 

cuttings, protein concentrate and aetual protein were ealculated in kg./ha. 

Cb) Other spegies - Iroquois alfalfa and ottawa r.ed clover were 

harvested at 1/10 bloom and processed as was the Ladino. The second cut 

of ottawa red clover was taken at full bloom fifty-five days after first 

eut. Alfalfa's regrowth period was forty-five days and it was also at 

full bloom stage. Calculations similar to those with Ladino were made and 

~peeies were- compared. 

Juice Pr.eservat~on and Storage 
,.,i 

(a) In. 1980, a non-replicated trial with su treatments and six 

first eut dates was carried out. Fresh juice was placed in 1 L pyrex 

f1asks, tightly covered and treated as fa1lows: 

1. Control - no treatment 

2. 3.5% volume/volume acetic acid added immediately 

3. As #2, but added at one week 

4. 10% volume/volume molasses. 

5. As #2, but deproteinized juice removed at one week 

6. Heat added ta precipitate proteine ---------
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Yie1d of proteip concentrate was recorded and percentage dry 

matter and pércentage protein were deterndned. Spoi1age was also rated. 

(b) In 1981, a 2 x 13 m. area of Ladino clover was harvested with 

the Haban flail-type mower on ,Tune 9th, 23rd and July 7th, each date 

being a first eut. 

Material was processed through the Weedon mini pulper and press. 

The resultirlg juice was di v:i.ded into 16 l 1. pyrex flasks. Flasks were 

then randomly assigned ta one of the four fol1owing treatments: 

1. 3.5% volume/volume aeetic acid added immediately 

2. As l, but added at one week after protein had coagulated due 

to-fermentation process 

3. 10% voJ,ume/volume molasses 

4. Control - no treatment. 

Spoilage was monitored by pH measurements at the beginning of the 

treatments, at one week and one month later. At one month, all 

deproteinized juice was discarded and yield of the protein concentrate 

recorded. Dry matter per~entage and percentage protein o~ the protein 

concentrate were determ:ined. Protein concentrate material from 

treatments l and 3 were saved for use in rat experiments. 

_J 
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RESULTS AND DISCUSSION 

General Procedures Used in Reporting Data 

The yields of the separate fractions of Ladino clover are tabulated 

showing yields of eut l, eut 2, eut 3, and total yield. 

Yield totals for red clover and alfalfa aré based on two cuts per 

season. 

AnalyÉis of variance tables c,orresponding to tables of results are 

found in the appendix. 

Production of Protein Coneentrate 

( a) Ladino clover 
~ 

Table No. 2. Dr'y matter yields of Ladino clover forage material (kg.!ha.) -

eut 1% eut 2, eut 3 and total yield 

Fïrst eut date Cut 1 Cut 2 Cut 3 Total 

July 9 3502a 1447ab l2.02.ab 6150a 

July 2. 3506a , l386ab 1953bc 5945a 

June 2.5 3158a 1651a 995cd 5804ab 

July 16 3506a 1183b 815d 5504ab 

June 18 2127b 1634a 1336a 5097b 

June 11 1733b 1433 ab 950cd 41l5c 

( ) 
Mean 2922. 1456 1059 5436 

Me ans wi thin each eolumn with common letters are not significantly 

different at the .05 level 

See appendix tables No. l - ,. 

,--
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Examination of the dry matter yield, results of the ladino production 

experiment (Table No. 2 ) indicates yield of fresh cut material is greater 

with delayed first cutting date. This is expected (Smith 1975) as there is 
u 

a natural accumulation of material with time. Total yields of fresh cut 

rnaterial appear to be signifieantly less when material i6 harvested at the 

pre-bloom stage. 

~lots yie1ding largest arnounts of dry matter with the first eut tended 

to yield less on the second eut. Cut one generally yielded more forage 

rnaterial than eut two which, in turn 1 yielded more than eut three. The 

results also indicate yields from the second and third cut material, all 

cut at 28 days' regrowth, vs::y somewhat. This could possibly be due to 

we ather variations both before and after the cuts or to the effect of 

previous cutting treatment. 

------ ----
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Figure No. 5 indicates a 1eve1ling off of dry matter production 

with the first cut after material reaches full b1oom. 

Figure No. 2 Dry matter yie1d (kg.!ha.) of Ladino ~lover i11ustrating 

contribution of 3 cuts ta total dry matter yield 
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Fresh eut material processed through the pulper and press results ,in 

both a juice and pulp fraction Table No. 3 indieates fresh juice yields 

on a dry matter basis. 

Table No. 3 Dry matter yield of fresh juice (kg./ha.) of Ladino clover 

from cut l, cut 2, and eut 3, forage material and total 

Fïrst cùt, date Cut l eut 2 Cut 3 Total . -
June 18 36la 303a 206a 870a 

'July 2 369a 22ged 200a 798ab 

June 25 36la 247bc 172ab 780ab 

June Il,, 321a 266b 182ab 774ab 

July 9 289a 233ed 225a 746b 

July 16 264a 212d 118b 593e 

Mean 328 248 184 760 

Means within eaeh eolunm with similar letters are not significantly 

different at .05 level. 

See appendix Table Nos. 6 to 10. 

There appears to be no significant differenees in dry matter yield of 

juiee with later first eut dates of forage material. Yield of juice from 

second eut material is less than that from first eut material. Third eut 

material, in turn, yields less dry matter from juiee than second eut 

material. 
! 

L 
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Earlier second eut material appears to yie1d more dry màtter from 

juice than material with a second eut taken later in the season. Total 

yie1ds of dry matter fromfresh juiee obtained throughout the season are 

significant1y different. Lower yie1ds are obtained with de1ayed first 

eut dates, especially after full bloom has been reached. 

l 
The percentage of dry matter yield (weight) of fresh juiee from the 

o 

fresh forage material proeessed to produee that juiee was ealculated and 

is tabulated as fo11ows: 

~e No. 4 Dry matter yie1d of fresh juiee expressed as a pereentage 

of the fresh Ladino clover proeessed to produee the juice, 
/ 

~.-' 

Pereentage 

Fïrst eut date Cut l Cut 2 Cut 3 

June 11 21.29 15.35 19.16 

June 18 16.97 18·54 15.42 

June 25 ll·43 14.96 17.29 

July 2 10.52 16·52 18.99 

July 9 8.25 ;L6.10 18·72 

July 16 7·53 17.92 14.M3 



A deeline in pe~centage of dry matter yield'of fresh juiee from 

fresh forage to'produce the juiee can ~e seen with~an increase in,age 

of material in cut 1. Older forage material is higher in dry matter 
1 

content therefore juicing less easily, thus explaining the tabulated 

decline in juice extracted from older material. 

Although early eut plots yield less forage material than later eut 

plots, the early cut material yields a higher proportion of juice. Even 

though no significant differ~nces in dry matter yield of fresh juice ean 

be seen with firet c~t dates delayed, cutting of pre-bloom mate rial is 

reeommended as less forage material needs to be cut and processed to 

yield an equi valel1t amount of juiee. Proeessing of ear ly eut material 

would not on+Y save energy and work but increase juice yield per hours 

of machine operation. 

The percentage of dry matter of fresh juice from fresh eut forage 
\ 

material to produee that juie~ 'for secor/d and third ~~ts are also shawn 
~ 

:in Table No. 4. AlI material is the samè- age but great variations are 

endente 
, , 
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1 figure No. 6 illustrates the contribution to total juice yield of juice 

from each of the three cuts. First cut materiaJ. harvested before full 

bloom appears to yield more juice. 
.! 

, 

fisure No. 6 'Dry matter yield of fresh juice (kg.!ha.) from Ladino 

.J.l~ clover illustrating contribution of '3 cuts ta total 

dry matter yield 
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If fresh juice is not used immediately, some form of treatment must 

be'unde~aken for material ta be stored and pre vent spoilage. Fermentation 

", of fresh juiee is one such method of storage and results in a protein 

concentrate and deproteinized juice. The fermentation process also 

concentrates the volume.of protein material. 

Table No. 5' :ory. matter y;ield of protein eoncentrate (kg./ha.) from 3 cuts 

of Ladino clover 

First eut dates Cut 1 Cut 2 eut 3 Total -
June 18 l83a 148a 100a 430a 

June 11 162a 12'7b 87a 376b 
1 

96de 1l6a: 364b July 2 152ab 

June 25 163a 83e 99a 345b 

July 9 120bc lo6cd 102a 328bc 

July 16 9ge 116be 72a i87e 

Mean 146 113 96 355 

'\ Means within each eolumn with similar letters are not significantly 

different at .05 level. 

"J! 
See appendix tables Nos. Il ta 15. 

Examination of Table No. 5, protein concentrate yield (dry matter 

basis, indicates greater yields of protein concentrat~ from juice 
, 

expressed from earlier first eut material. This would be €pCpected a~ 

younger mate rial is generally higher in protein content, (Smith 1975), 

which decreases with increasing age of the material. 
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/ 

The percentage of dry matter yie1d of protein concentrate .from fresh 

juiee needed to produee the coneentrate may also be calculated as follows: 

Table No. 6 Dry matter yield of protein concentrate expressed as a 

percentage of fresh Ladino juice reguired to produce the 

concentrate 

Percent ages 

First eut dates eut 1 Cut 2 Cut3 

" -
June Il 50.47 47.74 47.80 

June 18 50.55 48.84 48.54 

June 25 45·15 33.60 57·56 

~uly 2 41.19 41.92 58.00 

July 9 41.52 45,.49 45·33 

July 16 37·50 54·72 61.02 

Figures" from eut 1 in the above table indicate tha.t at least 50% of 

the weight of fresh juice at the first two or pre-bloom cutting dates is 

retained as protein concentrate after the fermentation process. Less 
, ' 

protein concentrate is yielded per unit of fresh juiee at later first cut 

dates. 

, , 

(' 

These trends correspond with the findings of Arkcoll and Festenstein 
, , -

,(1971) who reporled that the-highest amount of protein is usually obtained 

by harvesting just before vegetative growth ends and floral growth dominates. 

'No flowering appeared before June ISth and growth stage at June 25th may 

best be described as 1/10 bloom stage. 
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Actual dry matter yields of protein concentrate from second cut and 

the ratios or yield of ccncentrate P~t unit of fresh juice to produce the 

concentrate vary considerably. 

Recommendations for the highest protein concentrate yield therefore 

would be to cut, fractionate and ferment material at the pre-bloom stage. 

Succeeding cuts should be iaken at about one month intervals. 

Water could possibly be added ta forage material during the pulping 

procedure to aid in collection of protein l'rom pulp but added volumes of 

water would necessitate larger containers for the fermentation process. 

... 
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More eplicated trials, where water is added at time of pulping, 

are neces ary to establish whether the addition of water indeed would 

result greater yields of protein concentrate per unit of fresh 

forage aterial. • 

figure No. 7 indi~ates the contribution ta total protein concentrate 

yie d from each of the three cutting dates. 
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Dry matter yield of protein concentrate (kg./ha.) from Ladino 

claver illustrating contribution from 3 cuts ta total dry matter 
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The actual percent protein of the protein concentrate as presented 

in Table No. 7 appears consistent throughout the first and second cuts, 

with the second cut being of higher value. Values of third eut material 

appear to vary greatly with percent age protein of third eut material being 

lower. The only explanation for these variations is a eombination of 

environmental factors. 

Table No. 7 Per cent age protein of protein eoneentrate - Ladino c10ver 

Dry matter basis 

Weighted 
Fïrst cut date eut 1 eut 2 .9E.L2. mean 

"-

July 16 37.96a 40.56a 42.18a 40.23a 

July 9 -- 38.08a 40.48a 38.68b 39.08ab 

June 25 38.75a 40.67a 36.98bc 38.80ab 

June 11 38.49a 39.67a ~ 37· 7.~ 38.65be 

June 18 38.97a 40.26a 33·71d 37.65bc 

July 2 36.26a 40.47a 35.16cd 37·2ge 

Mean .38.09 40.35 37·42 38.62 

Means within eaeh column with eommon 1etters are not significant1y 

different at the .05 1eve1. 

See appendix table Nos. 16 to 19. 

__ l 
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The aetual prctein yield~ in protein concentrate was calculated using 

the percent protein and yield of protein eoncentrate. These values are 

recorded in Table No. 8. 

Table No. 8 Actual dry: matter yield of protein in prote:i.n concentrate 

(kg·Lha. } - Ladino claver 
./ 

First eut date eut l M..1 Cut3 Total 

June 18 7la 60a 31a 162a . , 
June 11 62ab 50ab 33a , 145 ab 

July 2 57ab 40ed 41a 138bc 

'June 25 63a 34d 37a 134bc 

July 9._ 47be 43bd 40a 130bc 

July 16 38c 47bc 31a 116c 

Mean 56 46 36 138 

Means wi thin each eolumn with cammon letters are not significantly 

different at the .05 leveI. 

See appendix tables Nos. 20 to 24. 

The earliest cutting dates for the first eut yielded the greatest 

amount of protein (dry matter basis). Trends were similar with eut number 

two but yields were less than in eut number one. Total dry matter yield. of 

protein over the three cuts was greatest with the early (pre-bloom) first 

eut dates. 

~l 
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Percent~e aï the actual protein yield in protein concentrate per . 

weight oÏ Îresh juice to produce the concentrate through the fermentation 

process were calculated and are presented as Îollows: 

Table No. 9 Actual drY matter yie1d of protein in protein concentrate 

expresse~ as a percent age oÏ dry matter weight of Îresh 

juice to produce the protein concentrate throu,gh the 

fermentation process 

Percentage 

Fïrst eut dates Cut l J Cut 2 Cut3 Total 

June 11 19·31 18.80 18.13 18.73 

June 18 19.67 19.80 15.05 18.62 

June 25 17·45 13·77 21.51 17·18 -
July 2 15·45 17.47 20.50 17·29 

July 9 16.26 18.45 17.78 17·43 

July 16 10·44 22.17 26.27 19.56 

Again, the declining values with increasing maturity of material at 
q 

the first eut and the variation within the second and third eut mater:i.al 

supports the recommendations already made. 

If the values, total dry matter yield of protein in protein concentrate 

per total juice to produce the protein for one season, are examined, there 

appears to be very litt le variation. 

l , 
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'The lack of total variation may be due ta the uneontrolled and 

unexplained variations found in the second and third cuts. 

One final comparison to be made is that of the. total protein in 

protein concentrate to the weight of fresh eut forage material processed 

to produce that proteine 

Table No. 10 
, 

Total dry matter yield of protein in protein concentrate 

expressed as a percentage of total gry matter weight of 

fresh eut forage material processed to produee the protein 

First CJJ.t d5it~s Percèntages 

June 11 3.52 -
June 18 3.18 

June 25 2·31 

July 2 2·32 

July 9 2.11 

July 16 2.11 

Above percentagas support the reeormnendations in this report that­

pr~-bloam material s~~~~~èa for Qest Yields of protein with 

the least volume of forage material ta be hanGlled. 

,. 
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Figure No. 8 indicates the contribution of actual protein from each 

cut to make up the total seasonal protein in pro'tein concentrat,e yield. 

Figure No. 8 Actual drY.Jl!atter yield of protein in protein concentrate 

(kg./ha.) trom Ladino clover Ulustrating contribution from 
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b) other Species 

Table No. U Comparison of yield§ of fractions of cut l, Ladino clover z 

red claver z and alfalfa {kg. !ha. dey matter) eut al:. 1/10 

bloom stage 

Percent Actual 
Dry Protein Protein 

Matter Prote in In Protein In Protein 
Yield Juice Concentrate Concentrate Concentrate 

Laditlo clover 3158b 361b 163b 38.75a 63a 

Alfalfa 3478b 504a 216b 32.94b 71a 

Red cloyer 4614a 627a 308a 30.1'lb 93a 

Mean 3750 497 229 33·95 76 

Means within each column with similar letters are not significantly 
" 

different at the .05 level. 

See appendix tables Nos., 25 to 29. 

When cut at the 1/10 bloom stage, red clover appears ta yield 

significantly higher,amounts of fresh forage material than either alfalfa 

or Ladino Cloyer. When the forage material is processed through the pulper 

and press, both red claver and alfalfa' yield significantly higher amounts 

of fresh juice than the Ladino. Red clover and alfalfa yield significantly 

higher àmounts of protein concentrate which is lower in percent protein 
1 

after juice is fermented. 
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Because Ladino clover protein concent~ate i8 significantly higher 

in percent protein, calculations of actual protein yie1d equal out sa 

there appears to be no significant difference in protein yie1d among 

any of the three crops when cut at the 1/10 b100m stage. However, the 

actual value was much higher for red clover. 

Percentages as iTIdicated in t~e fol1owing Table No.\12 have been 

calculated for fresh cut material of the three species studied. 

Table No. 12 Percentages of fractions red clover, alfalfa and , 

Ladino clover - cut 1 

JuiceLForaf!.e 
Protein Concentratej 

ProteinL Jui ce ProteinLFor aec Species Juice 

Red Clover 13·58 49.16 14.84 

Alfalfa 14·49 42.86 14.09 

I,.adino Claver 11.43 45.21 17.4$ 

The fractionation process yields only~een 11.0 and 14.5% of 

the weight of fresh cut forage material , the ~uice at the l/io bloom 

stage, with alfalfa giving the highest juice ta korage ratio. 

2.02 

2.04 

1.99 
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Examination of the ratio of the protein concentrate to juice used 

ta produce the concentrate indicates slightIy higher yields of pratein 

concentrate from the red claver juice than from the juice of the other 

two species. 

/ 
The ratio protein yield in protein COncentrate from juice to produce 

the protein, appears greater with Ladino clover but,\because of the lower 

yield of juice per area, no differencès in protein yield in protein 

concentrate per 1lllit area can be detected. 

If the total seasanal yields of fresh cut material are examined as 

in Table No. 13, red clover again leads in the production of forage 

material. However, there appears to be no differences in the total 

seasonal juice yield, protein concentrate yield, or yield of actual 

protein in protein concentrate. 

Table No. J3 

Species 

Allalfa 

Red lover 

Ladino 

Mean 

Comparisons alf t'otal seasonal y:ields of' fractions of 

Ladino clover, r~ed claver a..nd alfalfa (kg.Lha. dry natter) 

based on 3 cuts/seasan of Ladino claver and 2 cutslseason 

of t'he other crOlps 

Dry lIlatter Fresh Protein Actual protein in 
J;ield juice cùncentrate Protein concentrate 

6504b 711a 321a l~ 
7784a 759a 389a l a 

5804b 780a 346a 134a 
1 

6697 759 352 119 

Means within each colurnn with similar letters are not significantly 

different at .05 level. 
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Again, percent ages of the V:arious fractions have been calculated and 

are tabulated as follows: ---" "':-" 

Table No. 14 Percentages of fractions far red clover, alfalfa and Ladino 

clover - seasonal totals " 

, Protein Protein 'in Protein in 
Juice to concentrate protein ' pratein 

Species 
forage 'ta juice eonèentrate to c,oneentrate to 

processed processed juice proeessed forage processed 

;Red clover 9·75 51.25 15.28 1.49 

Alfalfa lO.9~ 45.15 14.91 1.63 

J 
Ladino clover 13·44 44.36 i7.l8 2·31 

These values appear to indicate tfiat throughout the season more 

juice is y{elded per unit measure of forâge from Ladino. An explanation 

for this may be the fact that Ladin~, was harvested three tlmes during the 

summer as compared to twice with the other crops. Ladino clover ll_arvested 

,at the second and third cuts would be mare lush and, therefore, yield more 

juice. 

An earlier eut of alfalfa and red claver would allow for a third eut. 

It can be speeulated that if this regime were- followed bath red clover and 
" 

alfalfa would produce more protein concentrate per ar~a per season than, 

Ladino clover, although winter till may be a major problem with this 

three eut per season treatment of red claver and alfalfa. 
\ ~ 

If red elover and al.falfa were eut at earlier and frequent stages, 

'. 
more protein ecrncêntrate may also be obtained par tmit of forage material 

proeessed. 

l, 

,1 
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Another reason may be the Ladino' s growth habit 1 which allows the 

frequent harv,est of material.without harvesting the stems which is not 

as juicy as the leaf material. Lower yield of forage material per area 

, of Ladino clover may decrease the significance of this. 

Total seasonal yield of protein concentrate per weight of juice to 

63 -

yield the concentrate appears higher in red clover, but the lQwer percent 

protein of the material lowers the actual protein in prote:lrf concentrate 

",f- from juice ratio, to a point where there appears to be litt le difference, 
\ 

with the ratio of Ladino being sligh'tly mgher. The actua?- yield protein 

iA protein concentrate per sea;on frO{ll total seasonal forage material 

appears higher with Ladino clover. \ 
\ 

\ ' 

It would seem from these tables that, on a sea~ onal ~asis, Ladino C lover 

would not produce significantly diff'eren-t .. yields of protein per area and, 
\ l , 

in_fact, less forage material and juiee wo\iLd needl:: proe~ssed to produee 

this proteine If protein production alone is the 1 1· of' a program, Ladino 

could be recommended as the crop to grow. 

On the other hand, alfalfa and red clover yield more fresh forage 

material per area than the Ladino. Again, there ke no significant 

differences in final protein yield per area betwe~n the threè crops. 
, 1 

Slightly more forage material needs to be process~d to obtain the protein 

from alfalfa and red clover but there ~ould also be more pulp produced. 
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If the highest total feed produ~tion per area is the aim of the program, 

either alfalfa or red clover would be recommended. Theae crops produce 

more valuable pulp material, usable as ruminant feed, than Ladino and 
.. 

amounts of protein which are not significantly different. Because more 
J,..-

forage material is required to be processed to produce red clover or 

alfalfa ,protein, more labour would be invol ved in handling greater 

volumes of forage material as well as extra energy used by machinery. 

Less protein per hour of pulper and press, time could also be produced. 

Choice of crops would depend on'specific needs of the program as 

all species appear acceptable for use in a fractionation and fermentation 

process. Adaptation of the speciea to the area of production would also 

be a major .factor in choosing the crop to be grown. 

_1 
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Juice Preservation and &torage 

(a) 1980 

Tables Nos. l5 and 16 show the protein concentrate and actual protein 

yields obtained in the 1980 non-replicated storage trial. The trend appears 

to be that highest yie1ds are obtained when proteil?- is coagulated inunediate1y 

either by heat or lowering the pH as compared to treatments where fermen-

tation causes protein coagulation. ili'eatest, yie1ds a1so appeared to be 

obtained at the earlier cut~ing dates. 
1 

Table No. 15 1980 storage trial - yield of protein concentrate (g.~ per 

100 g. of fresh juice 

Date of harvest 

June 2 JlUle 12 June 18 J~126 July 3 July 10 July 17 Mean - 1 

Control 
\ 3·73 3·30 4.21 \4)52 2.07 2.97 2·32 3·30 

Acid coagulation 5.78 4·60 5.41 6.72 2·58 3·91 3.91 4·70 

Acid 1 week 3·92 3.65 .6.64 5.08 2.25 2.81 2.25 3.80 

10% molasses 4.17 2.88 4.96 5.76 2.84 ~ 4·12 3.92 4.09 

Acid coagulated 
deproteinized 5·32 3.30 6.78 2.78 2.21 3·89 3.04 3·90 
juice removed '-"',' 

,'?)'v'/ 
-~ 

Heat 5·72 4·93 5.88 6.21 2.66 4·54 3·34 4.76 

Mean 4.77 3.78 5,65 5.18 2.44- 3·71 3.13 4.09 

Non replicated ( 

\ 

. · 
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Table ,~o. 17 shows the storage rating of the materiais,arte~ 
approxim.tel~one month. Heat alone dtd not 'ppear usefui in pr~Onging 
storage. USe ~,f acid and molasses appeared helpful in reducing ~poilage. 

'" 

Table No. 17 

\ 
\ 

1980 stored material on the basis of smel~ 

and observed mould 

\ 
Treatment Storage rating 

\ 
1- Control 

\' 2. Acid coagulation 

Spoiled 

Preserved 

3. Acid at one week Preserved 

10% molasses 
\ 

4. \ Preserved 
\ 

5. As Uo. 2 - deproteinized., juice removed Preserved 

6. Heat \ Spoiled 

\ 

\ 

\ 
\ , 

\ 
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(b) 1981 \ 

Table No .18 shows the dry matter yie1d of protein concentrate from 

1981 storage trial. 

Table No.lS ~ rmtter yie1d of ]rotein concentrate using various scorage 

Imthods (g./l00g. [resh juice) - Ladino claver 1981 

Treatrnent June 9 June 23 JuIy 7 Mean 

Acid Coagulation 4.41a 2·75a 3_.02a 3.39a 

10% molasses 3,.20b 1·97b 2.58a 2·59b 

Acid at 1 week 3.28b 1·33c 2.53a 2·38b 

Control 2.60b 1.74bc 1.41b 1.92c 

Mean 3·37 1.95 2·39, 2·57 

Means within each co1unm with similar letters are not 

significantly different at .05 1evel. 

See appendix table No. 34 • 

Results of tests confirm suspicions that immediate coagulation of 

protein results in greatest yield of protein concentrate. Data also 

indicat~~,that greatest yields are obtained when material is eut at 

earlier growth stages. 

.. _J 
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The percent protein in the protein concentrate (Table No., 19) varies 

with treatments and dates. The mean values of three cuts indicate 

s1gnificantly higher percent protein of the concentrate when no treatment 

1s applied. Lowest percent protein 1s observed where 10% molasses 1s added 

to fresh juice to aid the fermentation process. 

Table No. 19 Percent age ,Erotein in.. protein concentrate using var10us 

storage methods - Ladino clover - 1981 

Treatment June 9 June 22 July 7 Mean 
\ 

Control 36.70a 39.56a 35.15a l' 

37 ·14a 

Acid at l Week :0. 30.76b 36.24b 33·24ab 33·41b 

Ac1d Coagulation 34.86a 32.56c 30•2?b 32·54b 
, t' 

10% Molasses 30.26b 31.15e 2~.46c 29·29c 

Mean 33·15 34.88 31.27 33·10 

Means within each co1unm with simi1ar 1etters are not 

s1gnif1cant1y differ~nt at .05 level. 

-See appendix table No. 35. 

An explanat10n may be that the addition of the molasses and acetic 

acid di1utes the values making the untreated mate ri al appear higher in 

percent proteine This 16 supported by the fact that equal amounts of 

acetic acid were added at different timing and the percent protein values 

are not significantly difîerent. When alhigher volume of molasses was 

added, the percent protein value dropped. 

.. 

Il 
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Actual protein yi~ld as shown in Table No. 20 is significant1y higher 

with inunediate coagulation of the pratein with acid and also at earliest 

cutting date. 

Table No. 20 ~y matter yie1d of act~al protein in protein ooncentrate 

using varioUB storage methods (g./lOOg. fresh ,juice) -

Ladino claver - 1981 

Treatment June 9 J'lll1e 23 July 7 Mean 

Acid coagulation 1·54a .90a ·92a 1.12a 

Acid at 1 week 1.00b .48c .84a ·7'fb 

10% molasses .97b .6lbc .68b ·75b 

Control .95b .69b .50c ·7lb 

Mean 1.12 .67 .74 .84 

Means within each co1umn with simi1ar letters are not 

significantly different at .05 1eve1. 

See appendix table No. 36. 

Table No. 21 shows pH of juice at the beginning and end of the st orage 

trial. Bath the acid and molasses treatments appeared to store weIl as 

evidenced by low pH. 

}, 
1 
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Table No. 21 Initial and ending pH of stored material with three 

experimental dates in 1981 s.torage trial 

1 

June 9 June 23\ July 7 
-\ 

Initial Initial l Month .. Initial l Month 1 Month 

Acid coagulated 3.7 3.7 3.6 3·7 3·2 3·6 

Acid at 1 week 5.8 3·5 5.3 3·7 5·5 3·6 

10% molasses 5.6 ).8 5·3 ).7 5·1 3.6 , 
Control - 5.8 5.6 5·3 5.2 5·5 5.8 

The pH of the control, where no treatment was applied, was abov.e 5.0 at 

one month in each of the three tests. As discussed in the literature review 

by Anonymous (1977A) silage material which is oyer 82% rnoisture must be kept 

at a pH below 4.0 to prevent spoilage. The high pH of juice could indicate 

activity of--baderia or' genus Glostridium which aP-e known to break down 

proteins as weil as organic acids and sugar thus explaining the rlower yield 

of protein as shawn in Table No. 20 (actual protein yield) where no treatment 

was applied. 

. 
Mater:ial treated with acid immediately, or at one week,and with molasses, 

all showed pH readings of below 4.0 at one month. This would indicate the 

material was storing weil. 

Treatment with acetic acid immediately after juice expression causes an 

immediate drop of pH and prote:in coagulation. No time at al1 wonld be 
1 

allowed for any clostridia activity and there would be no breakdown of 

proteine This would explain the significantly higher yields of protein 
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when acetic acid was added irnmediately to the fresh juice. 

Juice which had (1) aeetic acid added at one week, after fermentation 

had begun ~d (2) molasses added irnmediately to fresh juice, both stored 

well but yielded less protein than where irnmediate coagulation of the 

protein occurred. During the slow process of fermentation, sorne protein 

breakdown may have occurred thus explaining lower yields of proteine 

Above results indieate treatment of :t'resh Ladino juiee is necess~y 

for long-term storage of the material. Assuming pa1atabi~ty of material 

coagulated with acetic acid is net decreased, this method of protein 
, 

concentration and.storage could by,recommended, as highest yields of 

,protein conçentrate are obtained and material stores weIl over a period 
, l --- ,- \ 

of time. If ~alatàbility 01' mater~al appears ta be a problem, addition of 

" molasses ta the fresh juice before fermentation should be considered. 

Although there is a slightly reduced yield of protein with this method, 

long-term storage is possible. 

Addition of the aeetie acid after allowing natural fermentation for 

one week; although effective in prolonging storage, would not be recormnended 

as the aeid would be more wisely used irnmediately for reasons of increased 

protein yield and reducing the chance that rapid decomposition may oceur 

causing spoilage hefore the acid could be added. 
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Above results are comparable to trends reported by Wisconsin workers 

(Anonymous 1977B) working with alfalfa and results reported by Arkcoll 

(1973) who used acetic acid to prolong storage. 

, ' 
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CONCLUSIONS 

Although sorne of, the results obtained in this report indicate 

interesting trends, much more work is necessary before meaningful 

conclusions can be drawn. This study, itself, raises more questions , 

and opens more doors for investigation thap it answers. 

The Weedon mini pulper and press used in the f'ractionation 

lProcess, does not appear to be an efficient machine for extracting 

protein-rich juice from forage matex:ial. Equipment should be 

adjusted or redesigned so as to get more and better qual~ty protein 

juice from the fresh forage. Time required to proeess material 

through this equipment is also excessive. 

As determined in this study, harvesting and proeessing of pre-

bloom Ladino Clover material yields the greatest amount of protein 

concentrate through the fermentation process. A further intensive 

study should be undertaken to see if these trends hold true with 

other forage legumes ineluding alfalfa, birdsfoot trefoil and red 

clover • 

Unexplainable differences in yield of juice and protein 

concentrate, percent pr,otein in eoneentrate and actual prote~ in 

protein concentrate with different cutting dates of material of 

the sarne age (at second and third eut) were observed. 
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From the results of these experiments, early and frequent cutting 

o~ Ladino clover material is suggested for greatest yields of protein 

concentrate with least amount of forage processed. 

When cut at 1/10 bldom, no significant differences in first cut - , 

yield, or total seasonal yield of protein concentrate per aret. 

harvested were found among red clover, ,Ladino clover and alfalfa. 

(Based on three cuts per season with Ladino clover and two cuts for 

red clover and alfalfa). Less Ladino forage is required for process­

ing to obta:m a comparable quantity of protein concentrate than with 

alf81fa and red clover. 

Treatment of fresh juice is necessary to prevent spoilage and to 

extend the usef'ul life of leaf' protein. Acetic acid, added to fresh 

juice to coagulate protein immediately, or molasses which aids in 

the fermentation process, help to prolong the storage life of Ladino 

protein concentrate. Immediate coagulation of juice protein using 

acetic acid results in greater yields of actual protein than where 

acid produced in the fermentati'on process causes coagulation of the 

proteine 

.~ 
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.. 

The nature of leaf protein material, which tends to be high in 

moisture content, poses problems with both ~g and handling of the. 

material. If major problems with processing, storage and nutritive 

valué can be worked out, leaf protein would be pseful as a protein 

supplement. Repllcated weight gain tests comparing leaf protein and 

soybean meal as protein supplements ,in actual swine diets are neces~y. 

In summary, leaf protein concentrate of high nutritive quality may 

be produced in the Atlantic region. Many problems in al~ aspècts of 

production, processing, storage and use,must be overcome before leaf 
0' 

pro"bein from forages can take its place in commercial operations. 

~ Within the past few years, funding for major green crop 

fractionation work! bath in Europe and America, \'las èeased. Experimental 

results indicate majorotechnic~ problems prohibit economiéal use of leaf 

proteine Green crop fractionation, at present, is not being further 

investigated. 
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Table No. 1- Analysis of variance table for eut 1 dry rratter yiëld 

Ladino c lover 
... ~ ...... 

0 

~ 
_r 

Source df 55 
,.., ms Feal. 

-0> 
Total ?'3 17,423,264.63 

Replications 3 711,~0l.12 237,300·37 .84 
'"" 

Fïrst cut date 5 12,479,8.58•87 2 ,495,971. 77 

, Error 15 4,231,504.64 282,100·31 " 

*Significant at .05 leve1. 

Table No. 2 Analysis of variance table for cut 2 dry matter yield 
i 

1 Laclino c lov~ -
! 
f 
r 

1 Source df ~', ms Feal. 
1 
t 
[ 

Total 23 1,227,205.83 

Replications .3 208,409.83 69,469.94 2.48 

Fïrst cut date 5 599,023.83 119,804.77 4.28* 

Error 15 419,772.17 27,984.81 

*Significant at .05 leve1. 

( ) 

J ,-
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Table No. :3 Analysis of Variance table for Cllt 3 dry matter yield 

Ladino clover ' 

Source df ss ms F cal. 

Total 23 950,571.83 

Replications 3 41,324.16 13,774.72 ·95 

First cut date 5 690,858.83 138,171.77 9·49* 

Error 15 .218,388•84 l4,559.26 

*Significant at .05 level. 

Table No. 4 Analysis of i'ariance slllllll1ary table dry matter yield 
i 

Source 

" Total 

Amongmain 
Plot units 

Replications 

df 

23 

3· 

First cut dates 5 

Error a 

Within main 
plot units 

Cuts 
/ 

Date and cut 

Error b 

15 

48 

Q 

10 

• Ladino clover 

ss 

65,845,730.32 

5,264,956.99 

277,033.15 

3,691,089.57 

1,296,834.27 

60,580,733.3.3 

46,244,688.0.3 

10,d78,651.97 

4,257,433.3.3 

ms 

92,344.38' 
[} 

738,217·91 

86,455.62 

23;122,344.01 

1,007,865.20 

118,252.04 

*Significant at .05 level. , 

F cal. 

195·52* 

8.52* 

o 

..... -



Table No. 5 Analysis of variance table for tot~ dry mat.ter yield 

Ladino clover 

Source df 5S ms F cal. 

Total 23 15,794,870.96 

Replications .3 831,099.46 277,033.15 1.07 

Fïrst cut dates 5 1l,07.3,268.71 2,214,653.74 8.54* 

EI'ror 15 .3,890,502.79 259,366.85 

*Significant at .05 1evel. 

Table No. 6 Analysis of vaJ,"iance table - c;ut 1 - dry;<fnatter yie1d of 

11 :fresh juice - Ladino c10ver 

, 
; Source df ~ ms F cal. 
f, , 

Total 2.3 181,429 • .33 i 

( Replications .3 79,295.67 26,431.89 6.20* 

First cut dates 5 38,250.83 7,650.17 1.80 n.s. 

Error 15 63,882.83 4,258.86 

*Significant at .05 1evel. 

( ) -. 

i 
1 - -
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Table No •. 7' 

Source 

Total 

Replications 

\ First 

Err or 
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Analysis of variance table.- '~ut. 2 - dry matter. yield of 

fresh juice - Ladino clover 

df ~ 

23 - 28,857.96 

3 2,828.46' 

5 21,028.71 

15 5,CXXJ·79 

942·82 

4,205.74 

333·39 

Feal. 

2.83 

12.62* 

*Signi:ficant at .05 level. 
o 

Table No. ~8 Analysis of variance table - eut 3 - dry matter yie1d of 

fresh juice - LaGlino clover 

"-
Source f!! M 

Total 23 56,765.33 

Re I:lications 3 2,091.66 

First eut 5 27,761.33 

Error 15 26,912.34 

*Signi:ficant at .05 level. 

. 697·22 

5,552.27 

1,794.16 

.. ' 

Feal. 

·39 

3·09* 
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Table No. 9 

Source 

Total 

Among main 
Plot Units 

Replications 

First cut dates 

Error a 

Within main 
plot units 

Cuts 

Date and cuts 

Error b 

- 85 -

Analysis ûf variance swnmary table - dry matter yield of 

fresh juice - Ladino clovel:' 

df ~ ms F cal. 

71 511,678.32 

23 117,794.32 

3 37,145.82 12,381.94 7.64* 

5 56,337.24 . 11,267.45 6.95* 

15 24,311.26 1,620.75 

48 393,844.00 

2 244,625.69 122,312.85 37·14* 

10 30,703.64 3,070.36 ·93 

36 118,554.67 3,293·19 

*Sign:i.ficant at .05 level. 

t\" Table No. 10 .A.naJ.ysis of variance ta.bIe for total dry matter yield 

oL!resh juice 

Source - df 55 

Total 23 353,382.96 

Replications 3 111,437.46 

ru5t eut dates 5 169,011.71 

Error 15 72,933.79 

*Significant at .05 level. 

37,145·82 

33,802.34 

4,862.25 

Feal. 
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Table No. Il Analysis of variance table for eut 1 - èX matter yield 

of protein concentrate - Ladino clover 

Source ,dl' ~ 

Total 23 40,207.63 

Replications 3 13,719.12 

Fïrst cut dates 5 19,220·37 

Error 15 7,268.14 

*Significant at .05 levaI. 

/1 

ms 

4,573.04 

. 3,844.07 

484.54 

F cal. 

9.44* 

7·90* 

Table No. 12 Analysis.of Variance table for cut 2 - dry matter yi el d 

of prote;n concentrate - Ladino clover 

Source df F cal. ss ~ -
Total 23 13,887.63 

Replications 3 1,167.45 369.15 2.49 

First eut dates 5 10,491.87 2,098.37 14.13* 

Error 15 2,228·31 148.55 

*Signifieant at .05 level. 

---- ----------
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Table No. 13 Analysis of variance table for cut 3 - dry matter yield of 

1 

1 protein concentrate - Ladino clover 

Source df ss ms F cal. 

Total 23 14,292.96 

Replications 3, 1,303.13 434.38 .77 n.S. 

Fïrst cut dates 5 4,481.21 896.24 1.58 n.s. 

Error 15 8,508.62 567 ·24 
\ , 

Table No. 14 Anal~is of V~riance Summar;z:: table - dr;y: matter yield of 

protein concentrate - Ladino claver 

,) 
i 

Source \ dt ss ms F cal. 

Total 71 100,852.32 

f Amang main ) 

1 plot units 23 -:. 30,291.65 
l \' 

! Replications 3 8,288.26 2,762.76 8.13* 

Fïrst eut datès 5 ,~ 16,907.74 3,381.55 9·95* . , 
5,095.65 , Error a 15 339·71 ~ 

1 

1 Within main : 
plot units 48 70,560.67 

Cuts 2 31,486.78 15,743·39 26.12* 

Dates and cuts 10 17,379.05 1,737·91 2.88* 

Error b 36 21,694.84 602.63 
~ 

( ) 
*Significant at .05 1evel. 
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Table No. 15 

Source 

Total 

Replic ations 

-

Error 

, '" 

Analysis of variance table for total dry matter yield 

of protein concentrate - Ladino clover 

df 

23 

3 

15 

S5 

90,874.96 

25,470.79 

19,107.96 

ms 

8,490.26 

9,259.24 

1;273.86 

6.66* 

7·27* 

*Significant at .05 leveI. 
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Table No. 16- Analysis of variance table for cut l - percentage protein 

of protein concentrate - Ladino clover 

" 
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Table No. 17 Analysis of variance table for eut 2 - p:rcentage proteà.n 

- of PI'otein concentrate - Ladino oclover 

,) ) 
\t ... ~ 

Source di 55 ms F cal. 

Total 23 27·52 

Replications 3 8.23 2·74 2.47 n.s. 
--- ---

Fïr5t eut dates ,5 2.60 .52 ." .47 n.s • 

Error 15 16.69 1.11 

Table No. 18 Analysis of variance table ftJr eut 3 - œrcentage protein 

of p"rotein c,oncentrate' - Ladiho clover 

Source df 55 , \ ms F cal. 
\ 

Total 23 213·69 
\ 

Replications 3 4.21 1.40 .59 n.s. 

First cut datés 5 173·66 34·73 14.53* 

Error 15 35.82 2·39 

*Significant at .05 level. 
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Table No.}9 Analysis of var~ance summary table - ?:,rcentage p'otein 

of pr:otein concentrate - Laâino claver 

cf Source df ss ms F cal. 
, , 

Total 71 453·41 

Among main , 

plot units 23 155081 

" Replications 3 .. 43.52 , 
14~51 '" 5·78* 

Fir~t eut da~es 5 74.64 14.93 ,5.95* 

Error a 15 37·65 2.51 
t> 

Within main 
B 

'" 
plot units 48 297.60 

Cuts 2 108,.12 54.06 30.72* 
~,J 

\ 

/ 

~ :1 o Dates and cuts 10 126.05 

( " Error b 36 63·43 

12.61 7.16* \ 
1·76 

~~ 
\ 

* Significant at .05 level. 
\, , 

'< 

-
Table No: 20 Analysis of variance table - cut l - a:::tual dry matter 

y:ield of.epro~ein (kg.!ha.) - Ladino clover 

1 

i Source di" ss ms F a?al. ,-

i- r 
;' 

Total 23 6,991.24 

Replications 3 2,811.20 937.07 ~0.62* , 

First. eut. dates 5 . 2-,856.93 571.39 6.48* 
< , . " 

() Err or 15 ' 1,323·l:h -=88.21 

"/ 

)\ , .. 
*Significant at ,05 level. '" 
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Table No. 21: Analysis of Var lance t. able eut 2 - actual. dry matter 

Yie1d oi protein (kei .• /ha:) - Ladino c10ver 

0 

1-

Source t~ S!: ~ !!!! F cal. 

Total 2.3 2.317.83 ~ 

--
Replications .3 286.16 95.,3,9 2.96 

> 

First cut dates 5 ' 1,548.83 10.3.26 3·21*: 

" . , 
Error 15 482.84 32.19 

*Signii'icant at 
- \ 

.05 1evel.. i 

Table No. 22 
d 

A!uùysis of variance 'Gable eut .3 - aetual dry matter 

Source " 

Total 
.., 

Replications 

yield of prctein (kg./Ha.)'·- Ladino clover 

~ 
;r-{ &;; 

df . ~ ms '- "'> J 23 2,039.96 'Î;-

.. .3 250.13 83 • .38 

First cut dates 5 407.71 81.54 .. 
Error 15 1,.382.12 92.l4' 
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F caJ. • 

: 
" 

91 -

'. 

0 • , . 

-1 
=: 

î 

J 

i <:1 

1 l ': . 

( ~. ' : 
nt .. -...:. 

~ ,~. ~: r 
---=---,--J 

... :,:_ ~ •• <~~ ~ .J~ .... ': r-~ t'i~ " ' 



r J_, 

; . , 
1. ~;.:-" 
, ,i { 1 

! ~ .. , 

1'-_,,": 

\ , 

. . 
, , 

tt~t"t";::01:1;~~ .... ~ .. ;"tF ... t-.t'{, ...... ..\.'~ <\'~~I ~·\.'~~'rrl"'''''l''~~ft''::r~~I<4'''''''~~',..I~ .. ..,. ... dW~''''~''t,,'''r, .,..., ............. ~ ~ ..... \\\~, _ 

..... 1;0 

" 

,O( 
, 

• 0 , 

, ! 
.. lJ! . 

" 

, ' 

.. 
" 1 

() 
" 

, , 

" 
- 92 - '. 

" 

'Table No. 23 Analysis of variance summary t~bIe ..:. actual dry matter 
. 

ru1d of protein (kg.!ha.) - ,Ladino clover 

/ 
1 

Source ~ " F cal. ss 'ms - -
Total 7i ,16,675.22 " 

'. 

Among main 
plot mits 23 4',705.39 

.. 
, Replications ~3 1,984.09 . 66~.37 8.94* 

First cut dates 5 1,611.4'5 3~2.29 4.36* 

~Error a 15 1,109.85 73.99 
" 

Witbin main 
plot units' 48 11,969.83 J 

l ' 
t 

Cuts 2_ 5,326.19 2,66)~09 & 27.86* 

Dat_es and~ ~u~ 10 3,202.02' - 320.20 3·.35* 
.).. ~-, ,. 

Errer,h, ·'36 3,441.62 95.60 
Cl ., Cl' 

~ 

, , 

*Significant ·at .05 1.eve~ • 

Table No. 24- Analysis of variance table ,or total dr;f matter yield ef.~ 

actual °Erotein - Ladino clover 

'~ 

c' " 

Soûrce ~ ss -
Total 23 14,116.16 

Replications 3 5,952.26 

F.irst cut dates 5 4~834.35 

Error 1) 3,329 ·55 

*Significant at .05 level. 

t 

1,984.10 

,966.87 

221.97 

. . , 

" 1 

F cal. 

0, , 

" 

'" 

., 

- i ., 

",' 

/' 



l' 

" 

:1 
·"I:é 

n,' 
t j .. .r , " 
~;.~). 

"'., '>-ti- ~ 
\"J' 
• l,' 

V 

.~, ç~ 
,," 

. " 

" / 

a . ' 

'\"r1~'r'~. ~'~~'Ir,}" t~<, ... l.!ti't\:I"''''''')..:)~ • .j'' , i"\./'~~t.'i;l")i~î1' -. "'1:t(~'4't'F";:~'tJ"l""'~ ~""""..,.,~" il'~rI.,..\ J,~ _" .. _ ,p_~ .. ~"'" ~ ." .... ~ 

( 

,~ 

~ 

C) 

-

.' 
- 93 -

Tab1e No. 25 Analysis of variance table t:otal dry matter P.eld cpmparisons 
t 

Source 

Total 
.. 
Replications 

" .. Specl.es :i;I'~- , " 

Error 

from'tirst cJlt of Ladino Claver, :red clover and~~Üfa1ra 

(kg./ha. dry matter) 

df .ê!!. 
, 

Il 7,330,308.00 
. 

3 '~ 191,500.67 

2 4,686,048.50 

6 2,452,758.83 
,..-

o 

63,833.56 

2,343,024.25 

408,793.14'. 

F cal. 

.16 n.s. 

5.73* 

*Significant ~ .05 leve1. 

\ 
\ ;. 

î 

. , 
l .. 

F 
; 

• ,\ 

.:" Tab1e No. 26 Analysis of variance table - juice Ae1d comparisons trom 
'/ 

first eut material, Ladino clover trad clover and alfa1fa 

(!<:g./ha. dry matter) 

, . 
Source g,! ss ., 

.!!!. ' . F cal. 

f Total ,11 l77,6Z8.92 1 . 
Replications 3 861.59 2$7.20 .05. 

Spec:i.e,s 2 141,820.17 70 ,910•09 12.17* 
é 

Error 6 34,947.16 ' 5,824.53 

"-
I-
j 

! 

1 
*Significant, at .05 leveI. , 

'~ 
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'Table No. 27 Analysis of variance table - protein concentrate tle1d 

§puree 

Total. 

Repli cations 

Species 

Error 

from first cut, Ladino clover, red clover and aJ.falfa 

(kg./ha. dry m.atter) 

df ~ 

U 53,522.92 

3 
.l 

. 9S6.2~ 

2 43,222.17 

60 9,314.50, 

\ 

328.75 ' 

21,6u,;09" 

1,552.42 

F cal. 

.21 

*Signifi~ant at .05 leveI. 

Table No. 28 

Source 

Total 

Replicatlons 

Species 

Error 

, AnalYsis of variance table :.. percent Projliein Of' protein 
, 

Concentrate t from tirst cut, Ladino c lover t red claver, 
, ,,~, 

, an~ allalfa (kg.!ha. gry matter) 

"" 

df 

"U 

3 

2 

6 

• 

55 

181.36 

3·37 

153.62 

24.'J7 

'~ 

1.12 

'76.S1 

4.06 

Q 

F cal. 

.28 , 

*Significant at .05 :Leve!. 
o 

" 

,-

o 

1 

1 , 

1 
1 
l 
,1 
" ; , 
1 
\ 
! 
1 

i .. , 
'1 
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Table No. 29 Analysis Qf variance table actual prot~in yield ~kg'./ha. -; 

?rY m.atter) fram first eut Ladino claver! red clovÇlr .and 'P' 
l': . 

alfalfa 

. Source gf !!! !!!!' F dal," 

Total li 3,73.3·23 

Replications 3 226.73< -75.88 .29 

Species 2 1,918.04 959·02 3.62 

...Errar 6 1,588.46 2.64.74 , 

r-:. 
... ',,", 

\ 

'. 

i 

Table No;-30 Analysis of variance tabJ:e - total dry niatter y1.e1d '- . 
comparisons of Ladino claver t ,red claver and -alfalfa 

(kg.!ha.) eut et 1/10bloom 

D 

Source 2f .ê! ~ - F cal. o. 

~ 

Total Il 10,871,112.90 
- , 1. 

Replications 3 957,61$.23 319,206.08 1.04 
l' 

!, 

Species 2 B,066,467.15, 4,03.3,23.3.58 I3.l0* 

Error " 6 1,847,027.52 .307,à37.92 
c '" 

~ ",'f .' 

0 

*Significant at .05 level 
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Table No. 31 

. §ource 

Total 

Replications 

Spec:i.es 

Error 

Analyais of variance table - 't'resh juice yield (kg./ha. 

,dry matter bas~ of Ladino claver, red claver and 

~1falfa eut at 1:'10 bloom 

di' ,-
11 

3 

2 
, 

6 
, . 

.!?1!. 

59,218·92 

8,854.25 

. :1.0,026.17 

40,.338.50 

'2,951.42 

5,,013·09 

- ~6,72J·98 
. 1 

.44 n.s. 

.75 n.s.' 

Table No • .32 Analysis of variance table,,;" protein cSlcentrate - yield 

(kg'.jha; w-y matter basis) of Lad:i.no clover, r.ed claver 

8.nd a,lfalfa eut at 1/10 bloom 

..source df 

'Total. li 

RepliCàtion~ 3 

Spec:i.ès 2 

Error 6 

, l ' ( 

55 

2.3,970.92 

5,237.59 

9,563.17 

9;170.16 

1,,745.86 

4,781.59 

1,528.26 

F cal. 

1.14 n.s. 

).13 n.s. 

( 

1, 
i 
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, ., 
1. 
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Table No. 31..:. Analysis of' variance table - actual prot'em yield r~ 

Source (f 

Total 

Replications 

Species 

Error 

, 

, 

il 

(kg./ha. d.ry matter basis) of' Ladino claver, r..ed claver -<J 

and a.lf'alfa eut at 1/10 Q,loom 

gr M 

li 4,327.56 

3, 936.39 

2 '1" " 1,688.37 
\ 

6 1,702.80 
" 

,; 

o 

,-.------,------ ~ 

312.13 

844'.19 

283.80 

" 

F, cal. 

1.10 n.s. 

2.97 n.s. 

l', 

" , 

, . 

Q 

", 

'1 

\ 

'1 
/ 

) 

! 
" 1 
" 
" 1 
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Table No., 34 Ana1~is of variance summarY table - tolial 

conce' trate usin various stara e methods 
\ 

Juicel - Ladino clàver 

II 
Source 

~ 
df ,ss !!!!!. ..,... - \ 
l 

TotaJ. :47 38.53 

Among main 
plot Uhits 15 15.31 

Replications :3 .06 '.02 

Stbrage treatment :3 ~3·07 4·57 

Error a '9 1.55 .17 

Within main 
plot units 32 23.22 

Dates 2 27.03 8.~2 

Treatment &: date 6 3.06 .51 

Error b 24- 3·13 .13 

*Sign:if'icant at .05 leVel 

, . 

.~ . 

, , 
• f . 
~ 1 ~ • 

\' , 

î 

- 98-:- 'k,l 
1 
j 

1 
1 

1 lield of e:otein 
, ~ 

F cal.. ~ ,. 
~ 
1 

1 
.;1 

~ 
< 
1 

~ 
" 

.12 '.l 
f 

'26.86* ~~ ~ 

t 
~ 

l 

" 

6,.50* 

3.92* 
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Table No. 35 Analysis of variance smnmary table for w:rcentase 

'j4'otein of protein concentrate using various storage 

methods - Ladino c lover 

'Source dt ~ 

Total 47 703·78 

Among main 
plot units 15 419.10 

Replications 3 5·91 

storage treatment 3 374·79 

Error a 9 1 38·40 

Wi thin mâiii 
plot l.l!Ù t~ 32 .- 284.68 

Dates 2 104·35 

Treatment & dates 6 • 88·71 

Error b 24 91 r62 

*Signi:ficant at .05 1evel. 

o 

~ IJ " 
(J 

() 

() . 

52.18 

'14.79 . 

J.82 

,~ 'J 
'1 

., 

Feal. 

13.66* 

3.87* 

.......r 

1 , 

• 

1 
/. 
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Tabl.e No ~ 36 

/ 

" .I~ ~ " 

, ' , t 

1/ 

- ~oo-
f) 

(J 

:/ 

Anal.ysis gr Variance sUrunary 1{able - Y-'ield oi 'protein 

uaing various storage lI!.eth ods' (8./100g. fresh juice) -

Ladino Clover 

-~-....---"---
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~ 
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,Table No. 37 

1 , 
3 
4 
5 

6 
7 
8 
8 

10 

1\ 
12 
13 
14 
IS 

10 
17 
18 
19 
20 

21 
72 
23 
24 
2S 

EnVl/Qnmenl 
Canada 

"',mpsphetlC 
E"""onment 

EnVironnement 
Canada 

EnVironnement 
l!mosphetlQue 

MONTHLY ME,TEOROlOGICAL SUMMARye> 
SOMMAIRE MtTÉOROlOGIQUE MENSUEL 

• 22 'N 

U""fftATURE 
TEMPERATURE 

:r~ 

"'" !! .... 
.. c 
Of" 

'C 

lb.7 
20.9 
22~2 
19.6 
25.7 

22.1 
17.4 
16.; 
19.6 
11.1' 

1).0 
16.2 
16.9 
20.7 
1&. ) 

16.2 
22.') 
22.2 
26.0 
24.; 

19.1 
U.9 
2) • .5 
21.2 
19.3 

'C 

5.) 
1.6' 
B.9 

12.1 
11.7 

10.4 
10.4 
8.0 
8.1 
8.7 

7.3 
6.8 
7.8 
7 • .5 
_8.7 

12.0 
12..8 
8. ) 
6.2 

12.5 

11.0 
10.8 
9.8 
7.0 
9.2 

; 

MONTH/MOIS JUi.J:. 1 JUIN 

AT/À 

LOIIG 63' 16 'VI 

'C 

11.0 
11.3 
1;.6 
1}.9 
18.7 

16.3 
1).9 
12.3 
1).9 
9.9 

11.2 
11 • .5 
12.4 
14.1 
13.5 

14.1 
17.6 
1.5.2 
16.1 
16.5 

15.1 
16.9 
16.7 
14.1 
14.3 

DIGREE DAVS 
DIGftESJOURS 

7.0 
0.7 
.l.4 
2.1 

1.7 
4.1 
5.7 
4.1 
8.1 

6.8 
6 • .5 
>.6 
3.9 

- 4.5 

).9 
0.4 
2.8 
1.9 

2.9 
1.1 
1.) 
).9 
3.7 

0.0 
6.) 

10.6 
10.9 
1).7 

11.3 
8.9 
7.) 
8.9 
4.9 

6.2 
6 • .5 
7.4 
9.1 
8 • .5 

9.1 
12.6 
10.2 
11.1 
13.5 

10.1 
11.9 
11.7 
9.1 
9.3 

tIiUKO. /10/" :>carIA 

"ETAES ,,,,':1 
METAtS tN,.,MJ 

RH HÛMIOITY 
HU"IOltE REL 

rR(C,PITATION 
PR1CIPITATlOHS 

'17 
100 
100 
100 
JOO 

100 
100 

9.5 
100 
JOO 

100 
100 
100 
100 
JOO 

100 
100 
100 
100 
100 

100 
100 
100 
1uO 
luO 

" 

fll 0 
Jl (; 
41 0 
77 0 0-.10 
sa 0 

.57 
83 
sa 
57 
83 

73 
54 
6~ 
49 
>! 

83 
87 
25 
)) 
47 

82 
45 
:1> 
J5 
"5éo 

o 
o 
o 
o 
9 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
Q 
o 
o 
o 

1.6 
1.8 

0.2 

2Q.8 
6.0 

17.2 

0.1, 

1.6 
1.S 

29.4 
0.4 

'Dl. 
7.6 

0.2· 

4.2 

29.8 
6.0 

17.2 

1981 

S'A"OAftD IIMI USEO 
MEURE hOft"ALI unusH 

cm 

~ 
cf' 
o 
o 
o 

o 
o 
o 
o 
o 

o 
o 
o 
o 
(; 

o 
o 
o 
o 
o 

o 
o 
o 
o 

,,0 

1J.) 
11 .... 
9.3 
;.0 
).6 

?4 
7.7 

U.8 
11.9 
28.9 

s 
... 
w 

:;vru. 
w 

11.7 fNoj 
).0 E 
3.1 SI> 
4.2 5 

10.2 li 

'6.3 s 
6.5 If 
9.a N 
9.0 S 
6.0 W 

'ri olS" 
W J2 

SSoi olt! 
S 11 

~:..x 9. 

S 19 C 

w 22" 
~1 4J 
\00)7 
w 41 

/\1W 22" 
SU 

Si> Il" 
.. SIl 11" 

'#1 22" 

S 28 
W 19 
N 28 
::. 211" 
~I 17" 

6.2 
8 • .5 

19.,5 
1l.b 
0.1 

S SI)" 
SV!U. 5E 20 
SV?J.. ,,; )3" 
W W2!l 
S S 19 

loi 

, -

"OUII'S 
"IU"11 
l.;~Y 

1::. j 
10.5 
l.} 

1).1 

6.6 
0.2 

14.3 
0.6 
0.0 

,2.9 
).6 
2.8 
4.} 
).2 

0.0 
1.0

1 11 .. il , 
1.:..', 
a.a 
0.0 
9.2 

1).3 
12.6' 
1.4 

26 
27 
28 
29 
30 

21 • .5 
20.5 
23.2 
22.6 
26.'6 

Il.7 
_ B.l 

0 • .5 
5 • .5 

12.0 

10.6 
14.1, 
14.9 
14.1 
19.3 

1.4 
).1) 

.1.1 
3.9 

11.0 
9.4 
9.9 
9.1 

100 
1VJ 
100 
100 
100 

o 
o 
0. 
o 
o 

}J.8 

5.0 

1).8 

5.0 b 
o 
o 
o 
o 

1 ... 0 ~ ~t. JJ 
8. J ,i tI 17 
;.5 Il "19 
Il.a L1il:: l~ 24 

1 4.) 

lU.? 
IJ. J 
~.l 
~9 14.3 

31 
fOlA' UJJ"'-

20.4 8.9 14.7 10). 1 289.4· 100 5.5 

DECAU 04Y SU .... AAy - SO ..... AIRE DE OECREs-JOURS 

tOrAL 10r.l.L 
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JQ'.' ICI At 
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N.ù 02.7 

9. 7 SI rU. ;;31: 2t! 
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SOMMAIRE MËTÉOROLOGIQUE MENSUEl 
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AT/À 1RURo. h(]{A SCOl'U 

l~T, 4} • 22 'N LO"G 63 • 16 'W ~:~~~~fN 39.9 

1f~'rUTU~r DEGREE DAU • Rel ~UM'D'TV 
lEW'ER1ITUU OEGdSJOU~S HUM'D"i~H 

~ .. ... u 0 .. ~ ... ;~' 2~ 1 
~w 

:. ... ... ",- ,,~ .. u .,-
DAtE ,~~ :oC 2'" -'" ~H !: 
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.... '" '" "' ... "',. j!i % ., w .. 
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'C 'C 'C ...,. .a.dt: .""..rc '" 
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1 27.~ 1).4 20 • .5 l~.} 100 56 0 
2 26.) 12.9 19.6 14.6 100 .51 0 
;) 22.3 14.9 Id.!. 13.6 100 i'O 0 
c 21 • .5 15.0 18.3 13.) 100 87 0 
5 2j>.3 l6 • .5 18.!, 1).4 100 96 0 

• Ç] 22.B 14.3 11:1.6 !J.6 100 B4 0 
7 2;1.7 12.6 18.2 ~ 1).~ 100 77 _0_ 

1 2.4 • .5 9.8 17.2 O.B 12.2 100 60 1 

• 22.4 9.8 16.1 1.9 11.1 100 64 0 
10 24.6 13.5 19.1 14.1 93 }1 0 

11 22.4 12.) 17.4 0.6 12.4 97 5) 0 
12 20.) 11.4 U.9 2.1 10,9 91:1 4: 0 
13 24.8 13.4 19.1 14.1 100 .59 0 
14 20.0 13.9 17.0 1.0 12.0 100 86 0 
15 14.8 11.9 1).4 4.6 6.9 100 78 0 

15 21.8 12.0 16.9 1.1 11.9 93 49 0 

17 26.0 11.2 IS.6 13,6 100 40 0 
18 27.1 10.) JiS.7 1).7 97 30 0 
1. 21..7 13.7 1~.2 14.2 90 )1, 0 
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:n 22.4 1,5.8 19.1 14.1 100 75 0 
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MONTHLy' METEOROLOGICAL SUMMARY 
SOMMAIRE MËTÉOROLOGIQUE MENSUEL 
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LAT: '" • 2211 LONG' 6)' 16 w 
IAITR[S IA,SU 
MURES (NM,.) 
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DATE 
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12 
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14 
15 
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1? 
18 
19 
20 

21 
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23 
24 
25 

26 
27 
28 
29 
30 

31 

UIoI'(UTURE 
UM,bATURf 

'C 'C 

2). ~ 10.7 
2.5.0 12.0 
27.2 14.6 
27. S 14.2 
27.2 13.0 

19.0 
19.1 
21.2 
2)~2 
2J,.0 

2.5 • .5 
2.5. .s 
21.7 
17.2 
22 • .5 

2).3 
24.6 
17.2 
20.4 
21.9 

"., 0.<;. 1 

2.5.) 
2).0 
22.8 
16.70 

1 

15.8 
15.6 
12.9 
12.3 
12.7 

16.8 
16.) 
13.9 
8.1 
5.a 

16.~ 
12.8 
9.2 
6.1 
3.9 

4.9 
10.0 
10.9 
10.2 
~6 

'C 

17.2 
18.5 
20.9 
20.9 
20.1 

17.4 
17.4 
17.1 
17.8 
IS.4 

21.2 
20.9 
17.8 
1.1.7 
14.2 

19.9 
18.7 
13.2 
n.3 
H.9 

!J.13 
17.7 
17.0 
16. ~ 
9.7 

DIGUe OAYS 
DIGRES.JOU~S 

RE l HUI.II~ITV 
HUMIOIT! REL 

PRECIPITATION 
'ftECII'1TA TIONS 

0.8 

0.6 
0.6 
0.9 
0.2 

0.2 
.5.) 
).B 

12.2 
13.5 
1.5.9 
15.9 
15.1 

12./. 
1.1·4 
lL.l 
12.6 
13.4 

16.2 
1.5.9 
12.8 

7.7 
9.2 

97 44 
97 ~ 
98 37 
98 J6 
98 .57 

96 86 
98 86 
98 70 

100 56 
98 6a 

97 .53 
99 69 
99 82 
96 46 
99 37 

.0 
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o 
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0" 4.6 
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o 1 
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o 
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o \ 
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0.4 
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o 
o 
o 
o 
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o 
o 
o 
o 
o 

9.tI W W 28 
7.7 Il HM 20 
8.2 SS1 !SM 28 
4.4 W W 20 
4.6 'E Il 22 

14.6 
11.7 
5.8 
1.6 
6.3 

7.4 
10.5 

7.6 
15.4 
5.3 

E li: 28 
li: E 20 
W W 20 

SVRJ.. S 11 
W 'ri 20~ 

W Ws.! 190 

SS1 S 2B 
li loi 17 
W loi JO 
W ~l':''/ 17 

4.9 98 72 0 1.8 9.8 0 ~.4 
13.7 98 6.5 0 54.2 '4.~ 0 7.~ 

S s, 22 
S S 24 
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1':.6 
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OU CU Ou OU OU 011 011 
TOTAL FOR UOHTH 

TOTAL OU 10101$ 71.4 58.1 
TOTAL fOR 1oI0NTll 
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p\.ul PLUS nus "'Ul. ",ul "Ul ,,"us. 



" 

, , 

" . (~) 

, , 

,. , 
} , 

, 'L'able No. 40 
J' 

[f\IU'jftn\eftl 

''''101 
Almpsph.'~ 
flWlronmenl 

EnwOt\t\emenl 
CanlO. 

En9.rQlln.",.", 
.Imqs"".roqu. 

~ONTHL:f 'METEOROlOGICAl 'SUMMARY 
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MONTH/MOIS SISPT.:KdIWl/S&Pn)(ll1Ui 1981 

AT/A TRUllO llO/A SCalLA 

LAT. LONG 6) • 16 w 

lElI"RATUft[ 
• TtIl,IU'IUftf 

DATE 

1 
:2 
:1 
4 
5 

• , 
• Il ' 

10, 

11 
12 
13 
14 
15 

0111 
11 

-\8 
\11 
20 

" 22 
n 
24 
:Hi 

:n 

., 
24.1 
2t..} 
23.2 
22.11 
19.8 

17.8 
19.8 
21.8 
19.0 
17.3 

15.2 
)a.3 
20.4 
:u.s 
19.6 

lit. 6 
17.6 
1~.6 
1(,.9 
Ja.1 , ., 
16.) 
1~.0 
1).1 
14.9 
12.} 

1~9 
16.6 
Ja.o 
U.l 
1\.) 

~--_.-

~I'" 17.9 

., 
7.) 
7.8 

10.0. 
9.1 

10.6 

H.O 
14.1 
13.1 
14.2 
4.8 

'C 

1~.1 
16.2 
16.6 
15.8 
J5.2 

16.4 
17.0 
17.5 
·16.6 
11.1 

.. ).8."", 9.5 
6.8 J2.6 

14.) 17.4 
9.2 15.5 
lo.6~ 1}..1 

12.5 
4.5 
).1 
d.3 
8.8 

6.~ 
J.9 

10.2 
11.9 
6.~ 

0.7 
-0.6 
11.6 
.5-2 
4.<l 

14.6 
11.1 
10.9 
12.6 
13 • .5 

11.4 
8 • .5 

12.7 
1).4 
9.6 

8'.3 
a.o 

14.9 
Il • .! 
b.4 

8.<l 1).1 

DfGRIf DAYS 
CIGRts"OUftS 

_ .. dt: 

1.9 
1.8 
1.4 
2.2 
2.a 

J.6 
1.0 
O.} 
1.4 
6.9 

8 • .5 
'-4 
0.6 
).} 
2.9 

).4 
6.9 
7.1 
.5." 
4.) 

6.6 
9 • .5 
.5-) 
4.6 
804 

9.1 
10.0 
3.1 
y,ll 

11,0 

..... "'" 
11.1 
11.2 
11.6 
10.8 
10.2 

11.4 
12.0 
12 • .5 
11.6 
6.1 

4 • .5 
7.6 

12.4 
10 • .5 . 
10.1 

9.6 
6.1 
).9 
7.6 
8 • .5 

6.4 
3 • .5 
7.7 
8.4 
4.6 

"UM IIU" 

147.J .!I,.!.1 
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100 
100 
9) 

97 
94 
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y> 
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ii 
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.st. 
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7~ 
54 
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61 
)13 

oj }3 
.st. 
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)7 
J.5 
8.5 
6) 
!JI 
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o 
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~2 

0.2 
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11.8 
1.2 

9.6 
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1.0 
0.4 

5.0 
1.0 
"Ir 

.. r .. 
6J.U -._.-
71502 

" 

" , 
t"l" 

1,) 

o 

0.2 

Tr 
5.2 

0.2 
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1.2 
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~? 
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).) 
~3 
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12.7 ri 
6.4 loi 

13.6 E 
11,.0 EN;; 
10.9 NNtI 
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.. 9-
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&Œ Ld 
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9.9 
2.9 . 
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).1 
].6 
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0.0 
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