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Phe natural food of farm livestock, whother kept
Por millk, meat op work i oasture hevrbage. In
northern ellmates many animals are wintered lndoors
and. even the haprdier fypes which vemain outside requir
%o be fed addltional vaticns bto supplement the scanty
winter herbage. This invelves buildng ups op buylng,
a stors ol forage fon winter Feed. In counbries
whare spPing and sumner ralnfall énoournges gqaa oot
of groase the traditional wethod %o meehthe forage
raguiremsnt has been to make hay. The &lsadvandape
oF thin systom is that the produet has often a very
low mutritlional value and a major pellicy change in
farming In the lest two deendos has been the general
appreclation of the feeding velue of young lealy grass

As.early as 188G, Wilson drew attention te the
AifPerence exiating in the chomienl composition of
groass ot varioue steges of ite growth but these
interesting investigations do not appear to have been
Tollowed at that time, and the reecent rapid progress
in gragsland development eun be aserdbed chiefly to
Woodman and hig collaborators at Crobriderse Stapledon
and Fagan ot Abemsgstuyth and Watson and hia cow=worken:
at Jealotts Hill, Those workews enphuasizsd o
aspeats off herbage developmend, the need Yo know the
chemieal composition and nubzrliive value of differant
gragses at Alflerent stages in tholr 1ifo oyelén and
the modern methods of prassland menagement, ineluding

the use of artificial fertilisers, which would wresult
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'cutting by the pwoduction of ney growth. Morcover

-putritional value very DPOOT e The cavotene content

in improved yleldds of the Dbest types of EPaS8es, At
the same time traditionsl grazlng polleies were
exgmined and, in some cases, improved.

Along with the newer agri&uitnral knowledge came
improved methods of keeping the shorxld leafy grass fop
winter foeds Machines capable of drying it, and mox
knowledge of the factors invelved in meking it into
silage lncreased the demand f&? grass of the pight
quality. It was early found that alihough the
composition of divferent types of grasses and forage
legunes way vary slighily, the overepiding factor was
the stage of growith of the plant. AL first sight
1t might appear that meximumn yleld of herbage vwould
result for allowlng the grass to veach maturiity but
such a view would take no account of the ability of

grasses, in particular, to respond to froguent

it has been shown that in mature grass the

digestibility of the mowe fibrous material ig lower L)

in younger prass, and this, together with the much

lower protein value of mature grass, makea 1its

of older grass docreases duving growth in a similar
manner to the protein and, whilst this constituent

is not the eriterdon by which hevbage should be Judpe
a high carctene content would cextainly have a
useiul health~promoting eifect. On the other hand,

haymaking will always play a necessary and inportant

.
-
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5.

part on farms where livestock are kept, and hay should
be leooked upon as the natural complewent of the young
high protein grass grown aﬁd conserved Lo renlace
concentrates and not, mistakenly, compared with it
If some such system of grassland management was
followad, probably uwsing nitrogonevus Fertilisers
to inerease both yleld and gquality of the sword;
conserving young srass at the right stage of growih
ﬁnd.making hay of the mature herbage, it would be of
intareét and importance to appreciate not only the
obvious physieal difference beltween grasses intended
foxr different purposes bul also thelr chenleal

compoolition at varlous stapes. In the following

o

pages an attempt has been made 0 carpy out the latbey
objective. In the firpt seciion a consideration of
the routine achemlcal methods which are common to any
gsuch analytical study has dbeen made. This is
followed by a report of the grasslend investigation
proper, planned in the following way.

A number of grasses off the kind used in this
locality (S.¥W. Scotland) for hay production were sown
on land in good heart bul to which no fertilliser of
any kind, elther natural or artificialy was
subsequently applied.

It was felt that although the results Lfransuch
herbape would be lese than could bs obtained by
petter management, yet at the same timg they would be

not too wn~represantative of the grass on many preseng




day farms. These prasses were allovwed to grow

uncheeked by cutbing op giazing snud the weekly sanples

woere never taken twice Trom the Bane arof. In this
manner the chemieal composition of the graspes was
folloved from beginning to end of a growing season,.
the resulits providing the materlsl veported ln the
second secbion. They provide a clear indlecatlon of
the loss in feading value which would vesull Trom
missing the correet cutting stage either for hay or
conservation and the impoertance of a leuafy hevbage is
emphasised by analyses of the separated grassas.
Heving estoblished o type of baseline from which
any changes brought abovd by different grassland
management could be observed, atteuntion was dirvected
to the effeet of applying an artificlal, nitrogencous
fortiliser o two types of pasturcs These were

allowed to grow only to the phyesioclogleal stage knowun

4o be geoncmlieally worth~while fopr grass drylng, aboul

ten inches high, which comprises between very high
eruuAn grass too shorit to handle and longey grass of

too low a uetritive valoes

These two very different kinds of grassland poligy,

voprosenting, ag 1t wers, mindmum and maxipam
ghbention, give an indicailion of how eaveful plannlng
aould apsisttre farmer o meet hils aonusl forage
fanands .« assuming, hovever, that o cerisin anount ol
the high protelin gross ﬁoula he sonservad by doying

other problems arise which reguire investigatlown it

.~




avoldable losses alter the grass hos been grown ave
to be minimlzods These are dealt with in the £inal
section and are concarned with the preparation of the
gross for the deler, its treatment at falely high
temperetures and the changes in one constituent,
caroteng, vihich are likely Lo occur duprlng storags.
Ag in many other Pavning opsrations, the best possible
sosulte have often to be sacvificed beeouse of other
conglderatlons, such as oxcessive eost, too high
labour vequirements or too great an &Kﬁ&ﬁ&iﬁﬁ?& of
time and o poed compromise ls the best that ean be
obiained. Grass dyying falis into thie category of
operation and the work here presented glves data from

which such a compromige could bs worked oule




SUMNARY _OF QESULTS.

Part T. Analyticel methods.

The moistuyre, ¢rude protein anld carotene contents
of fresh prass were measured directly after culting.
In gome capes, a represehbtative port of those samples
wag dried and the true proteln, ash, Libre and ether
axtractive later determined. Qther dried gress
gomples were analysed for vesidual wmoisture, crude
protein and carotenc. Some of the methods novmally
used for estimating carotene, erude fibre and true
protein were subjected to eritical considevation

andt comparliaoia

Part I1. The chemical composition of frash srassed.

An established growth of timothy grasse (Phleum
pratense. L) in its second year was cut at weekly
intervals and the chemlecal changes determined. As
the season advanced, protein, cavotene and ¢ther
extractives decreased, rapldly at first, whilst Libre
showed & regular inerease over the same period.

A mumber of first year grasses of the type used
for hay production were similarly examined and showed
that considerable diffevences existed in thelr rate of
establishment. Dinmothy developad wost gulcekly,

neadow fescue (Festuca elatior. L.) most slowly, with

perennial rvyegrass ( Loliuwa perenne. L.) and cocksfool

(Degtylis glomeratp. Le) egqual and intermediate.
Comparison of these four grasses awndl the second year
timothy on a growth basis showed little difference in

crude protein and carotene contents. A highly




slgnificany correlation oxlsted batween crude protein
and carotene in all frssh samples.

Ag a result of the analysid of leaf, sitem and
whole plant it was concluded that mechanical separetio
wiih o view to providing a leaf voncentrate bype of

meal from oldey prass would ot be practicobla.

Part TTE Phe affeet of m&nuriml_tr@&tm@nﬁ_mn,ﬁrasae

7

Witrochelk was a&ﬁli@& to o shopt ley and an
eatablished pagture in Alffercent amounts and atb
different times in the year. Qf the nine treabments
used, heavy spring dressings produced more moterial
and higher protein and carvobene contants in the shori
ley than the same or smollerw guantities applied loter
in the yaapr. Less variation was observed betwesn the
effect ol the different mamurlial trestments in the
older pasture although the genoral tendency was for it
to respond best to heavy, ppring dressings in a
similar manner to the younger loy. The high
correlation alreoady noted between crude prodein and

cavotens was apain found.

part IVe. The earotone content of drled grass,

It has been shown that loss of water from cub
grass by field wilting, whilet desivable from a
dryilng point of view, resulis in consliderable 1loss of
cavotene from the grass. A maximom wilting pariaa
of one 0 two hours, depending on westher condlitions,

is advocated i¥ a high carotene prass meal s desived.




Normal commercial practice in producing and bagging
grass wags found to cause only winor loss of carolene
but major lossos oceurred in storage ﬁu@ o alr
oxidation. These losses were inereased by storage
at high temperatures and could only be provented
entlrely by removal of the atmospheric oxygen prior
to storage. The bheneficial effeet of reducing the

volume of ozygen available is dlscussed.




PART T,  ANALYEICAL HESHODS.

The forage material used ln the nuceeedlng
seetions has been grass, norally from fivst and
seoond year leys, either in the fraéh gtate sopon
after caﬁting'or as & powder after drying and
grinding. In alwmost all the analytical processes
the physical state of the grass Qid not involve any
change in mebthod other than allowance for the smaller
welght of dry matter in the fresh samples. The
exceptlon to this was in the estimation of ecarotene,
wheve completely different itechnigues for fresh and
dry grass were employed to obtain the carotene in
solution prior to isolation and measurement.

The analysis of grass samples has involved
the determinations of the following guantitles:=
1, molsture.
2s  total nitrogen.

3.  protein nitrogen.

4e  ether extractives.

He crude Tibre.

6. ash, caleium and phosphous.

Ta carotena.

8. length of the frosh grass moterial.
Do leaf to stem ratio.

ef these, only the methods for the determmination
of protein nitrogen, crude Libre and caprotene reguire

any dlscussion, normal practice belng followed Loy




the others.s

It should be stated at this point that all
deterninations other thaih molsture are peporied on a
molgture free basis to fecllitate comparison botween
aamples of vavying moigture content. Where dried
grass was wsed it was nomnally ground to paas 60's
slove but where it was used as best material o
compare analytical wmethods it was ground to pass 80%a
sieve Lo lessen ervrors arising from lack of
homogenelty.
1e Moisture.

Small samples of 1=2 g., ground or chopped Lo a

fine atate, wers driod in dishes in an electric air

oven for three hours at 10203. When larger guantitie

O0=100 e, were nacessary, the sanples were laid in
netal cylinders of sultable size fitted with gauze
bottoms in the same type of oven for not less than
BEVEN hOurSs

Although not primerily designed for the purpose
of determining moisture econtents, but on oeccasions
used for this purpose, a vertical foreed drauvght
glectric drying oven ruaning at 1lﬂgﬁﬁ was found to
reduce 100~400 g. fresh material to a constant
weight in 456 minubes. Repeantage nmolsture eontent
has been measured as weight of moisture lost from
100 perts of original material, {(percentope dry
matter where used ls, of course, 100 miznus the

percentage moisture content).

10.




e Total nitloren,

gufficlient sample to contain gshoubt 0.4 g. dey
material was digested by the novmal Kjeldahl
technique (21) with copper and selenium as catalyst.
Three hours digestion after removal of all carbonacsou
matter was sulflcient to give constant values for
nltrogen. On the assumption that pure geass protein
containg 16% nitrogen the fmetor of H6.85 was used Lo
convert total nitrogen to crude protein.

de - Frotelin nlirogaie

The method for determining true protein nitrogen
by formation of a copper prodein compound as
recommended by the Association of 0£ficial Agriculiura
Chemists (£) has been eriticised in recent years as
being insufficiently speeific, In view of thig it
was decelded to compare the AdO.A.0. procedure with
a tannic acid precipitation method developed by van
Roth (42).

Briefly, the details ol the twe metheds are ag
follows.

(ﬂ.) Abc}oﬁ,‘ogu method,.

A cuprous hydroxide suspension contalning about
05 gs Cu (GH)5 in 6-10 ml. is prepaved by alkaline
pracipitation from copper sulphate solutlion in\water
containing & ml., glycerol per litre. O.% g dried
gress is boiled in 100 ml. wateor for O mins. and a
volume of cupwrous hydrozide suspension containing
Qe L4 Gu(GH)g is added while the liguid is thoroughly

atlrred. When cold, the precipitate ls filtered

L.
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to stand for 1 hour and is then centrifugeds The

washed and transferred in the filter papér to a
Kjeldahl digestion flasks. 10 ml« of 404 sodium

sulphide are added to precipiltate all the copper and

digestion caprried out in the noxmal mannere Phosphatie

i not present in the grass in sufficient quantity
to reguire decomposition with alums The nitrogen
found, multiplled by 6.85 glves the mmount of true
protein prosert..

(b) van.ﬁo#h\methoau

50 mls 0oFf & tannie acld solution contalning 40 g

tannin plus 1 ml. concentrated sulphuric acid per litre;

are heated for 20 min, on a bolling water bath and
are then pouved on to 0.4 g vy grass meal. After

10 min. on the water bath the suspension is allowed

precipitate is washed with water, stlrved and
cantrifugé&lﬁuaGQBSively for a further six tlmes end
finally transferred to ’ Kjeldshl digestion flaslks
The nitrogen preéent is determined in the ugual
manner and, after meltiplication by the Lector G420,
reported as true protein. Phis method is more
partienlarly suited to dry material and has been used
in this way In the later sections of this worke

Prom the total nitrogen and protein nitrogen
data a figure Lor non-proteln, or amino nitrogen,
1o obltained by subtractions

Table 1 gives the resulis of experiments compap-

ing both netheds, using four different specles of youn

13.




SPYING Srass. Both methods placed the non-protein
nitrogen contents in the same ordey but with ver;
congiderable dlfferences bebtweon aoctual valuess  The
Fipures obialned by the 2.0.4.0. mathod wore much
lower than by the tamnin method. Duping the
eatimation it wag noticed that bDoth methods sulfered
from appreelable quantities of prass pavticles
floating on the suriace of the liguors without
gpparently taking part in the extraction. Phils defec
seeurvad to g greater exltent in the A.0.4.0. nethod
and since sueh pardicles, stlill containing norsprotein
nitrogen would bhe filtersd along wisth the precipitate
and subseguently estimated as protein ndtrogen, this
figure might thevefore be expectod to bhe ervonecusly
higha It was found that adding 8 ml. 1040 sodium
vicinoleate to the grass before pouring on the tannic
acid, in van Roth's method, wettoed the grass and
prevented particlas from Llcating on the surdace.
Replication was worse in the A.+0.0.0, method then in
that of van Roth, where the mavinmum deviatlon from

the meen was about the same as that in the determinati
of total nitropen and may be ascribed lavrgely to
slight variations in the finely ground grass sample.
Any non-proteln nityogen congbliuvents determined as
true protein in the A.08:0. method, as suggested by
van Roth, would also have had the effect of increasing
the value for this fraction with consequent dlminution

of the non~protein niirogeiies

14.




On this evidence 1t was dealded to use the
method of van Roth, with the addition of preliminary
webbing, in the estimations of true protein reported

in Part 2 of this thosis.

e nther extractives.

‘The verm Yether extractives' is preferved to
Yerude Tat! since the substances removed from grass
by poildng in ethyl ether will include organic acids,
stercls and pipments in addltion bo true fats.

Dried material was ueed in all determinations of
ether extractives because iis smaller bulk made forv
easler handling. Horeover, o large amount of fresh
material eould be dvied and ground to a small volume
oif powder whigh; in tuen, allowed the preparetion of
a more undforn sample for analysis.

Uslng a fSoxhlet apparvetus with ground glass joint
and nreviously de~fattod thimbles, the dried prass wes
continuously extracted for a minimum of nine houprs
with redistilled ethyl ether. Al the end of this
timo the ether was completely distilled from the
receliving flask ﬁnﬁer redueed pressure and the flask
dvied at 108°C. 1o a constant welght, ramoving ether
fumes Lfrom the flaslk affer the first hour and second
hour with dry aly, The lneresse ln weight of the
flask was caleulated as ether extracitives on the

meisture~Lree welght of grass meal usede

Ha Orucio S‘i‘i‘m’e .

In this work crude £ibre has been taken to mean

15.




she plant material remsining after the removal of
evude probeli, etber exirectives dnd soluble
carbohydrates Lrom the grass, It wlll ¢onsist
of a mixture of celluloses, Jipnins, suberiue and
peatins in proporiiong vavying with the age of the
plants

tntll vecently most publisbed wmethods of fibre
detexminations lavelved successive acid aibd alkaline
digeations, @ﬂﬁ&iliﬁg gonaiderable handling of small

sanples with all the sttendant chanees of expeiimental,

BT The method of Whitehouse, Zarrow snd Shay (81

waing a aingle extraction reagent, reprosents a
dlstinet improvement whepre o lapge nvaber of sauwples
vegulere adualysis, providing the vesulits ave st loast
as acecurste as standord nebthods. Po invesitipgate
thieg a ganple of pure, gseeond year, timothy hay grass,
taken In July, was dvied and ground to a £ine meal.

()  A0.AG. methods

The method piven in the Hh Bdition of the
A0 ACe (B) was teken as pepresenting the acide-
alkaline type of exiractlion ond wag carplad out as
followss

18 g Gried gross wos freod of all faviy
material by the Soxbhilet exitrmelion method glven above
and dried for & hours ab 108°¢. 1 e wos veighed
inso o THO mi. flosk and bDoiled fowy 0 mine with
800 mle 14855 sulphueie acid (w/v)e The sugpension

was flltered throupgh asbestos whileh had beend previousl

16.
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Table B

Estimation of Grude Fibre.

% erude fibre
o LaU Al e Whitehouse,
narroy and
Shay
1 B8.08 B2+ 50
3 58.10 858414
4 3885 87 o776
5 38.81 38563
6. 38.19 28,10
7 30«84 A8.7H
8 BB«5HB 38477
Hean BB.29 58,88
P 58429 BG. 88
L o.08 L 0.09




digested for & hours with 5% sodluan hydvoxide followed
by 28 hydrochloric acid, washed, dried and ignited.
The grasg and asbedtos were washed back into the flask
and bolled for a further 30 min, with 200 ml. of 1.825%
sodium hydroxzide (w/v)e. At the end of this tilme the
contents of the flask were filtered through a Gooeh
crucible, washed, dried for B hours ab 108°C. aund
weilghed. The crucible was then heated in o muffle at
about 550°C. to & comstant weights $he differonce
between the dry and lgnited weiphis was caleoulated as

crude Libre on the moisture~frag prass meal.

(v) Hethod of Whitehouse, Zarrow and Shay.

- As hefore, about L ga fat-free grass meal was
extracted, this time with 100 ml. of a splution
containing BOO mis glacia) acctic aeld, BO mls niteie
aeld (8.0e 1648), 20 ge trichloroacetic acld and 450 wm
water. The suspension was boiled under prellux fow 40
mins . carve belng baken to prevent buuping in the early
stases. It was then cooled and filtered through a
Gooeh erueible prepearved with asbestos proviously
treated as in (Ba) above and washed with water. The
crucible was driceds k@ﬁteﬁ in the muffle and crude
fibre reported as haloro.

The results of ocetuplicate determinations on the
same sanple by the two methods nre shown in Pable Se
There was obviously 1llttle differvance botwesn them,
and since the manipulative tlme regulred by the method

of Whitchouse gt al. was only aboubt hall that required

18.




by the A«D.f.0. method, the former was used in the
pregent works.

5 py driocd grass mesnl was ignited in a wlde slllca
hasin over o bunsen bU?ﬂﬁ? until thoroughly chavred.
he basin was then transferred to a muffle furnace
thermostatically controlled at B30-600%. At the end
of an hour the basin was removed, coocled and the ash
noistened with o few drops nf water and nitriec acild.
Af%er drying on o sandbath the basin was again heated
in the muffle for o Puether hour. At the end of this
time all carbon had diga@pearéd and no further loss in

veight occurred with more prolonged heatlng.

7 e galehum ond phobpholus.

The ash obtained as in para.d o from drled grass
moiatenad with 5 wml. 20% magresium chloride and then
treated as in pard. O, was diasolved in warm B0
hydﬁaﬂhléric aeid and transferrryed to a 100 mi.
volumetrle flask.  After neuﬁréliaatinn.ﬁiﬁﬁ étrong
ammonda fﬁo math&l rad) the aﬁﬂﬁem&s-wf the flask were
again made alightly aéiﬁ and diluted do volwnes
Galeiun was detesmined on duplioaﬁa 20 mle
aliquots of thie ash solution by the uwsual method of
oxalic'aciﬁ, oxalate and sodiwn soetate additlons.

Phe oxalate precipitate was alloved to stand overnight
and was then washed four timeakwith K ammbnia, belng
centrifuged after cach washings,  After decomnpopltion
of the ozalate with sulpburic acid the calcilum wos

estimated by titration with 0,08 ¥ potassium

19,




pemianganate at 50%. and reported as a pevcentage of
the molsiure~foee APy grass.

Phosphorus was determined by the method of Pishke
and Subba ROw (17) on the same ash solution. As the
phogphorus was determined colorimetrically using a
“gp@kker“ absorptloneter, a callbration curve ecomplled
from solutions containing known amounts of phosphorus
ves Tivat prepareds

A solution containing 80 mg. phosphorus pey litre
was prepared from potassium dilhydrogen phosphate and
the required volume pipetted Into a 100 ml. flask
togother with BO~G0 ml. water. 4 molybdate solution
conbaining B85 g ammon;um molybdate and 500 ml: 10 N
sulphuric aeld per litre was prepared, and 10 mi.
added to the 100 ml. flssk followed by 4 mls of &
freshly prepared l.Z,4, amino~hapthel-sulphonic acid
polution containing & g leBa24s aminunaptholau;phnnic
aclid, 180 g sodium bilsulphite and 84 g, sodium
sulphite per lltres After dilution to 100 mle the
reagents were allowed to stend in the laboratory for
10 min. end the blue celour then measured in the
Spekker absorptiometer using a red filter with maximum
ababrption'at 103 o gix polnts Judpged to bBe adeguate to
covaer the range of phosphorus likely to ogour in the
graos sanples wers obtained and o omooth cuﬁvé was
dravwn bthrvough them and the evigin, It was cheekéd
that a blank determination using all the reagents
exaept the phosphorus solution gave a negliglble Spelkke

readinge.
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Peually 5 ml. of the ash solution, neutralised to
phanolphthalein with sodium hydeoxide and ityented with
the same additions as the standard solutions Lo produce
the bhlue colour were adeguate Lo glve a veasonable
ceadling on the Spekker. From the ealibration curve
the phosphorus in the ash solution and hence in the

original grass powder could be caleulated.

Baroteng.

Capotene in plent materials fovms pard of thoe cell
chromoplasts and any methoed Lo the estimation of thils
pipnent muéﬁ first provide a meansg of extraeting 1t.
When considering fresh plant material all the
multitudinous methods to be found in the literature
fall dnto one of two groups, the Lirvst of which utiliseg
chemical degradation of the tissue, wuslly with the
epplication of heat, and was populayr wiith earilep
workers whewreasg the second Tavours some form of
mechanleal digruption of the matevial. in both
systems the final alm is to arrive at a solubion of
the sepsrated carotene, uswally in light petroloum.
Advocotas of each wethod cleim advantages for thelr
own way of working and point to disadvantapes in the
obher type of exiraction. Very brliefly, the
proponents of chemical depradetion aver thebt by
papldly submitting the plant material to the attack of
hot weagents any possibllity of atmospheric oxidGation
is minimised whereass mechanieal grinﬁimg to breaak down

tissue 1s likely to provide Just such opportunltles.

21.




Phis apgunent is met by the opposite view that the
necessary prinding is done undey the surface of
organice solvents which contain a minimun of dissolved
alr and in which, in fact, & suitable antloxidant such
as hydroguinone can be incorporated. Moreover, by
avoiding even relatively short periods of heantlng with
concentrated aleoholle alkali the e¢hance of fomming
colourad resinous compounds ssparsble only with
difriculty from the plant plpments is avoided. This

‘1aﬁter eriticism was, perhaps, more Justified bheiore
chromatographie geparation of carotene from ehlorophyll
and zanthophyll replaced the classie methods of
differential solublilities in two~phase systens
employed oviginally by Wilstatter & Stoll {62).
Booth ( 6) has eritically veviewed the whole
problem of extraction and estimation of carotene and
has drawn attention to the ehiel gources ol error
up bo the colorimetric stage. These he conslders to
bes~- Le losses of cavotene before extraction begl

8. destruction dsping and after oxtraction,

3¢ incomplete oxtraction,

4o  mandipulative lossog,

G inaoinplete removal of other pignents and

Ga chromogenesis. and isomerisatlion.
The first four of these would lead to low resulis
whilst the last two would glive high results. Losses o
carotene before extraction can be minimised by starting

the analysis lmmediately after cutiing, avolding

¥
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tlssue demage until the extraction proper beglne and
vorklng in subdued light. During extraction, exposure
to sunlight can lead to considerable losses by phobom
chemical destruction which, mccording to Pepkowitzm (40)
is catalysed by ehlorophyll. From these two sources
alone, in extreme cases, as much as HOE carotene may be
losts The difficulty with whieh carotene is extracted
by some solvents is, sccording to this aubthor, not
sufflelently recopnised and contributes to incorrect
results. GZrperimental losses are more likely to

reach high proportions in processes involving o larpe
nawber ol laborious manipulations such as occur in the
phasic separation of cerotene from the obther pigments
by solvents. The modern methods employing chromatograp
minimise errovs from this sources Similarily, abandon:
ment of seperation by solvonis has removed the erroneous
1y high wesults given when incomplete sepavatlon of,
for example, non-hydrolysedmnthophyll esters occourred.
Some lsomeerisation of Pecarotene scems upavoidable,

but the formation of pseudo carcobtenolds during treatmen:
vith aleoholic KOH ecan be aveided by employing a method
uslng 1ittle o no heating.

The expeviments described in Part 3 of this work
were the concluding part of a collaborative investipgatid
on the effect of manurial treatment on grassland, in
which the previous carotene estlmatlons had been
cavvied out by one of the methods employing chemical

gaponification, devised by Seshan & Sen (44)e In
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order o keep the earctene data on a dlrectly conparablc
basis, 80 Tar as analysis was concorned, this method,

as modlfied by Austin & Shipton (4) was followed using
phasic separation although its disadvantages were
pleaprly rosopnigcds

An eavly stage of Seshan & Sen's method is to
reflun the fresh grass with aleoholic potassiun
hydroxide for half an hour, and Auvstin & Shipton have
shown that there ls less chance of resin formebion i
the grasse is refluxed Lipst vilth aquecus alkall and
then trlturated on & sintered filter with the aleolivl.
Preliminary trials with s nunbeyr of grass sanples
showed that thove was, in faet, little dilfference
betweon cavotene values obtained by the two methods

for the sone sanples In visw of the sound underlying
briveiple oFf the modlficatlon, the Austin & Shipion
metho& was used to detoeradne the cayutene.values réportd
in Paot 4,

Before continulng with the estimation ol caroicng

i fresh pgrass, a comparison was undertalken between thig

aethod and that developed by Booth t0 avold the mavy

ources of error which he hod listad.

getho& of Austin and Shiptonp

The sample of grass was ©inely chopped in a
darkened room and about £ ge gulcekly weighed lnto a
\
O50 miL. conieal Llask. 10=18 mls 26 potassium
wdroxide was added and the contents of the flask

prought gqulcekly to the Doll and kept bolling for 2-3

.
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mine under a reflux econdensers: The flask wos cooled,
Bix volunes of absolube othyl aleohol addsed and the
Liguor refluxed for 80 mine out of divect daylight.

At the end of this time the grass residues wepe

LTiltered on a Jens 331 sintered glass filter and stipee

with gueccessive volumes of aleohol until the filirate
was colourless. The Filtrate was transfepred to a
separating funnel and the aleohol content adjusted to
6Bjhe  Idght petrolewn (BePs 40-00%C4) was then used
in o similar manner on %hﬁ Filter until no furthey
colour was extzacted inte the filtrate. The
petroleuwn cxtract was then added to the alcoohol in the
geparating funnel and shalkoie Aftey separaling the
petroleun layer the aloohol Traction was shaken twice
with fresh volumes of petroleum which after scpavation
were added to the Lirst petroleun fraction The
bulked petroleun extracts containling carvotene and
xanthophylls were washed three times with an egual
volune of water to remove alkali, and were then
shalken with 90§ methyl aleohol to remove xanthophylls.
The paﬁrolenm solublon was then dried over anhydrous
sodiun sulphate, made up to a standsrd volume and the
depth of colour determmlned on the Spekker absorptiometd
A calibration curve had previously been propared by
measurling the eolour of a number of peldrol ethewr
solutlons containing known gmounts of purs Pwcarotonc.
The latter dlasolved in sprachis oil had been obtained

from the Medical Research Council,.
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Booth's method.

About Qab = Llebgs freshly cut grass, chopped to
about & mme lengths was quickly welghed into a small
flasa mortar in a davkened rooms. AN egqual welght of
guartz sand wes added, -8 ml. of @& solution of light
petroloun (HePa 40“5006a) and acetone in the ratio of
thraee volunes 4o two, 1 which 1 g bhydroguinone had
been dissolved per litre, was run in and the grass
ground FOP Lo i The solvent was decanted into
g6 shaded seprrating foonel half filled with waters
Phe funnel was fitted with an § tube at its lower end,
a3 shown in Mig. 1o to maintain a constant level.

?ws or'thﬁe more successive grindings with solvent .
released all the pignents from the grass. To remove
the scetone, the bulked solvent sxiracts were bthen
washod for approximately one hour by wabter Aropping
through the solvent layers A% the end of this time
tha funnel was 5011@&.%@ waﬁh*dﬁﬁhaany solvent. which
had splashed on ﬁ@ the upper walls and the vator was
then run offe  The opetrolewn loyer at thls stage
contained all the grass pignenits in soilutlon. These
vere next separated by aﬁamﬁﬁﬁioﬂ on a column of
flopkin & William's brend "Alumina, sotivated fow
chromatopraphic analysls™. This adsorbend has

baen used throughout, and it heg beon found that a
further heating at iO%Qéa prior to use conslderably
alds pignont soparation. In this wey all thoe

chlorophyll and xanthophyil can be retained in a




narrow band of Se4 mm. ol the top of & 4 cm. coluwm

even after olution of the carotene with light petrolew

=

containing &5 (v/v) of acetone. As many as six
sepayate determinations ¢an he ma&é on ong coluwnn,
provided that all traces of acetone in the plpment
solution have been thoroushly renoved in the washing
procass and that the oolun is cleared of any acetone
after ecach previous elubion by washing with 20~80 ml.
light petrolewi. The eluted cavotane was mede up to
BO mle and estinated by neans of the Spekber
ahaopptioneter and the gallbration curve. Al no
time in the whole process ddd direat dayllipht have
acceas alther 4o the plant tlasue or the solutlon of
Ploments.

The Limiting factor in produsing pood repllicntes
by eithor of these two mothods ip in sampling the
orliginal Leesh mabovial. A lavges bulk of praos
cannot be chonped and adequately sampled at lelpure
without invelving carctsne lospes thal would
conaldarably oubwelgh any gein im.ag@urgey off
replieation) comseguently ali the lnpccuracies
attendant on the use of ocmall seauples ave vroflecited
in the seabber usually obbained in rveplicated
carotene values of Fresh grasseg, As willbe scon
later (Part &), the effect of taking soy, & slightly
greater propovtion of stem in #h& sanple than anovher
matepially affects the vesulbting carelone valuc. in

all determivetions duplicote somples wers analysed
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Egtimation of Carotene.

Carotene (mg«/kp. dey wh.)

‘Baoth

Seample Austin & Shipton
| Hean Mean
46 | 458
1 48 | 4 . 46 ab
55 | 48
2 55 54 53 51
3 71 - 81 | -
104 | 103
4 114 109 10% 108
125 124
5 129 a2y 132 188
176 150
G 182 179 164 167
205, 195
7 253, 229 205 200
270 246
8 378 266 256 251
560 BaY
9 367 564 529 3283




and whilsl resulits were usually within = 5y occasionnl
resulits woro mors divergent. In sueh cases whorever
possibla, d.0. where 0o gr@aﬁeﬁlchange in earotone
content owing Lo the lapse ol time would be expested,
Parther analyses were carried out, but thig was not
always practicables

In Table & the cavolene values obtailned by
Auetin & Bhipton's and Booth's methods are glven fop
several fresh grassesS. In this table and in all
gections of this work, carotene Lo expressed a8 me./kp
of dry wmaterial ln order to facllitate comparison

betyeen swples of different moigture content.

It will be soen that although al low concenivatlio

b N1

the differonce in pesults obtainad by the two
Cproeefiures was not great, Sustin & shiptents method
gava gra&%@ﬁ valugs at the higher consentrations of
cavobtensy  Assuaing that moenimuletive losses ware
similoer in boith owrses, it waulﬁ gpneay that with pgrass
contelning large smouvnts of cavotens, and therefore
probably other plpments, phasic sepavation 4id nod
completely eliminate sone of the athey plaments.

Iin addition to the liklihood of moye acenvate valuss
by Booth's method, the comsiderably less manipulative
work, the grogber procaunbions againﬁt ghanes lospes
and 1ts enoy adeptation fo multiple detorninstions all
podnted to this method as belng the test whieh was
investigated, sud In all subseguent worl luvolving

the detersination of cpyotone in fresh grass, this waa

$15)




the method useds
Unfortunately Booth's method is not partloularly
well adapied Por the determination of cavotence in

*

dried pgrass, although by suitable melstening the
powder vhe plegments can be extracted afier considerabvlo
grinding. There have Deon, hovwever, many mebhods
propoged Lor this purposes A with fresh grasyg,
the first problem is to get the cavotene 1nto a
solution whoss strength can be measured. Mot
published methods involve exiraction of the dried grass
with some solvent or mizture of solvents, with or wilhe
hegatlng, althouph gsome smploy wmuch the save eonditlons
of alkall digestion as with fresh press (16), (19}, (41
A gommittes convened by the Peitish Grase Deiex's
Assoclation {8) cumpaved three methods whlel used
ethyi ether, light petroleun snd alooholic potassium
hydvroxide respectively and coneluded that sxtraciion
with 1light petroleoun {(BaVe é@wﬁﬁ“@;} for one hour gove
the best results. Wall & Kelly (5%), used a mixturve
of light petrolewn and ascetone, simiisy to thab
enployed by Booth for fresh grass, in which the drled
grass was refluxed for half an hours These two
methods were In the provess of belng compayed when
Welson (39) published results of fuprther work by re-
conotituted gomities ol the Grass Drier's assoclabion.
A pompavison of the 1941 method of the Oross
brier's Associmbion with that of wall & Beally ahow&d

that much lower values vere obltained by the latter.
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This was agpareatly because exiraction of the dried
seaas Tor half an hour was insulificlent to liberate all
the carotene. Tosts showed that, even after two and

a half houvs the cavotene of gyass meals was not
completely oextracteds Apaprt from the lengkh of time
taken o extract all the carotene the increased risk of
igomeration of fe-carotene made Wall & Kelly's method
unsultable.

In hls report, Nelson drew attention to defects

in the 1941 method of the Grass Driers' Association.
This was capable of including 504 of blologically
ineetive cavotenoid substances in the deternined value
of pP=carotens and also of incompletely removing all

the cehlorophyll from the final carotens solutions In
view of these Tallings the committee hed carried out
further work and finally rvecomnended a new method for
the estimation of carotene Iin dried prascs This
method employed light petrolewa (RsP, 80»10006-} for
plegment extraction followed by adsorpiion on de-fatted

bone maeale davotene was then eluted with light

Although on investigation the method was found to be
conerslly satisfactory, it appeared that a moye sasily
reproduced adsorbent than bone moal was desivable

and for this purpose activated alumina of the type
already mentioned was usod. This necessitated elution
with a slightly move polar solvent than light petrolaum

glone and a mixture containing 5.5 scetone in light

petroleun (BiPs 40-60%C.) and estimated eolorimetrically.




petroleun (Bel. @G“ioﬁmgﬁ) was employed.
The method ultimately uwsed for the deteorminsdion
of carotene in dried grass was therefore as follows:

Oeb =~ 1 ge dAricd prass meal was weighed
divectly into a 850 nl. ¥jeldehl £lasl. 60 ml.
light petroleun (RePs 80~100°C.) were added and
the flask heated Loy one hour in a briskly
bolling water bathe The long neck of the
Kjeldahl flashk acted as an aly condoencer The
flaek was then eooled and the lignid decanted
on 0 & 4 x 1 ome colum of activated aluming.
The flask dand residues were twice rinced with
omall volwnes of light petvoleuwn (B.Ps 80=100°¢.)
which were added to the coluwin. Suetion was
applied to the alumina column when the Tivet.
liguid wes decanted and, withowt letting the
colunn become dry ab any time, all the ploment
solution was drawn throuph. After changing
the recelver the carotene was elubted with B8
aeotone in light peotrolewn. The carotenc
solution was messured on the gpekker absorphbiomete]
and the amount of caprotene csloulated from the
calibration curvs.

Ge  Grags lengtho.

A———

In the work desceribod in RPari 8 a pood estimate
of the state of prowth at difPerent times of the yeayp
wes reguireds  For this purpose one hundired plents in
a woll mixed sample, taken from the bulk of maberial
put for other analyses, were measured to the neavest
Enche The results were collected intn groups,. cach
gfoup sovering a four inch ?ang@‘an& the mmber of
plants Lalling within each group expressed 88 &
percentape, as shown in Tabls 4.

() Leeai-stem watio,

The leaves of the hundred plants used in the
Length measurements were cul where they jolned the
ein stem and welghed. The stems wars also weilghed

aict, aftor corvrection for any dlffevences in moisture




content, the ravic of weight of loaf to unit weight of
gham ealoulatad. in view of the conslderable
morphologlcal dlffervences developing durlng the course
of the lavestigation it was deecided to make no

attempt to dllferentlate between leaf sheath and stem
PROPODTS The carotene conbtent of ledd sheath is
always less than that of tyue lesal but the proportion
of gheath to leaf by welght is small and tle eryorp

involved was not groat.
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TN CHEMTOAL  CORMPGSTTION L ERESH,  GRABSHS ,

In the Introduction Lt was mentinned that the
work in this section was underitaken mainly to provide
data complementary to that obbalned Prom geass plots
cut ot regular lntervals duping the menurial drials.
It was felt thet o betber appreviotion of the value of
fertiliser and ol grassland mapagement would be
fortheoming 1¥ comparable snalyses weve carried oub

on grass which hod rceceived no fertilicor and hed beon
allowed to prow without cheek by graging or cutting.
There was also 8 secobdary conaideration, Bop
gome time past tho difficwdty of drying all the prass
when Lt resched the most nubritiousy lealy stage
duping the eaviy swmer Llush pericd had beoen vepy
apparent s At such o time as this the gyass grover
hag elther to leave some grass and later dvry 14 at a
considerably more mature stuge than desirable oy to
utilise 1t for silage or hay. Prom such exeellent
work as that of the asberystwyth school under Fagan (43)
it was obvicus thael the nuteitional value of the laeaf
and stem ol geasses would vapry considerably over the
normal growing period. Bearing in mind these fwo
factors, it appeaved desiredle to congider the
possibility of sepavating the leaves and stems of
grasnes whiceh had prown past the stase at which they

would novmally be cub for grass deyings In this way

Se




be obtained from relatively mature g rass. The
obvious diffienliies iuvolved in producing any fomm

of m@chanﬁéal separator were sulficiont 1o make the
provigion ol data to showwhether such a sepavation
would be eeonomieally useful, one oF prinary importancos
Hence the studies on non-Lertilised, CTros-growing grass
were extonded to inelude sxamination of the chemioal
composition and anount of both loalf and sten ss well

ap of the plant as a wholo.

Lrasacs used,

& stpip of pure Seoteh timaﬁhy'gowa the previous
year was uwessd for wmont of this woprlk. At the same time
Lour types of haying grass, Asyvabire perennlal »yeprass,
panish eocksfoot, ecorly fescue and Scoteh tinothy were
10wn In the spring of the year 4o afford g compardaon
Jith the aocaﬂﬂmyéar BRABE ., Tae Land onh which all
khe experdmental plots stood was wéll drained and in
sood heert, of pil 5.8 with no doflekmey of minoy
eLements . Hand-woedlng was muintal ned on the Fippte
year plots until the grass had provided good covers
AL the materisl emamined was cut For the fipsd

time in the 1047 season and soalysed on the same

P

AFy 18 undform o semple as possible belng taken st

ach oube

£,

The socondeyoar timothy was cul once sach week

Feon ey to the end of July and thersaitor ab thopow

deolly lotervals until the end of Sepbtember. Pl

-

a high protein, high carotens, low flbre meal could stiftl




firvat-year pgrasses vere cub when they had reached a
helght of aboul 4 inches and thercaiter at about
Ffoptnlghtly intervals.s

sanpline and analyeco,

The grass was cut at 9 a.me at about one inch
Trom the growid. It was covered with brown paper
and taken to the previouwsly shadad laboratory. 650 =
W00 ge wore dried at once to give a value for the
bullk molature as already detailled { p.l10).  From the
bulk sanple a smeller numben of vepregentative plants
was taken and eut as quickly as possible into 2«35 nine
lengthe. Dupllcate samples of 2 ge of this material
were welghed into thlek walled glass beakers and
used impedlately for cavoteuve estimation. Iurther
2 g sauples were then weighed into groundsgless,
ginppered welghing hottles for later moisture and
erude proteln determinations. At the smne tine as
these welghings were belng mede, the leaves and ctems
of another representative sample were sopavrsted and
velghed, They were then similarly chopped and used o
the estimavion of carvolena, moisture and orude proteins
After the initial cutting in the fleld, no plant
tissue was Jdamaged In any way more than five to ten
minutes hefore the start of the corvesponding
carotene extraction, and the last carvotene dedermiuatio
of the day was commenced within an hour of the grasg
being cut in the field. Under these conditlons it

was found that the loss of carvotene at the end of one

4




houar wéa negligible and in this way caroctene losses
prior o extractlion wore reduced to a minlmuns This
procodure was carried out with all samples throushoub
the years

As soon as the carotens, molsture and proteln
determinations were stavted the lengbisol =
representative proass semple were measured, followed
by the detoymination of the relative woights of leaf
and stoms

Durding the summer nonths there wos Insulficient
time to cavrvy oul eatimahi&na'af nohy fibre, minerals
2tCsy on the fresh grass and 11 was necsssary o
geparate and dry sufficient lesd and stem nt each
cutting to provide 10-80 g. of dvy material fLor
enalysis at a later date. This drying vas done
in a emall vertical fopced dreught oven running at
110% . fThe dried material was ground to a powder
throvgh an 80's sleve in a gheisty & ﬁmrﬁis laboratory
model hammer mill and securely boltled.
Woathers

The West of Seotland usually provides cxcellent
elimatic conditlions Loy the ﬁradnetimn of grass and,
after a severe winter which retarded eavrly growth, the
geason under consideration was no exceeplbion. Racords
obtained {yom the nelghbouving metecrologlcal station
at Auchinerulive showed that sufficient rainfall
throuphout May and June coupled with falxly high
average temperatures provided weather sultable fopr

normal grovth of grasd.
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Fig. 2. -

- LEAF-STEV RATIO IN 2N YEAR TiMOTHY.
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BESHLED .

The results of the analyses o the second-year
timothy will be presented fivsts Teble 4 shows the
chongesin helght of the grass from MNpy to September,
19473 the Ligures in etch size column give the u
percontage of plants in o representatlve sauple falllng
within this vange of lengihs. The watio of leal to
sten (by veight) iso ineluded o amplivy the growth
datte .

Thess fipuees show thadt from the eardy part of
the yoear uoabll about he ead of Jue growlii was

\

rogular axdl conbtinuous; thereafter there was 1itile

(]

ghange in helght with the exception of small poprceatage

at bobth extremes of lenglh. Flover heads were vislble

59,

in the stem sheath on June 8nd and were out by June 10th.

After this date the heads were analysed separately

and were not ineluded in the leaf/stem wrabtio calouvlation.

Seed sheddlng began about the end of Aupust and was
alwost complete by Septamber Brd, Pipe € shows
grephically the rate of change of the leaf/stem ratio
ovar this period. The welghits of both lenf and stem
have been reduced to a molstuve free basis Top
CORDArLHEON. After a slow initial change the ratio
dropped sharply during the perlod off maximu growbh,
when the stem was rapldly olongating, and guite
guickly agsumed an alwost consitant valuve. Thin type
of curve will bhe seon subseguently to have close

parallels in the rate of change of some of the plant
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L Tavie S,
. gchemical eomposition of the leaf of seeond year bimothy.

ek LR Srude True Carolene Bther Crude
4 Da‘be‘:f }Emuta::e Protein! Proitein| (mg./kg. Extracts| ¥ibre
-, _ioaw o 3] (€Y 1 {4 Ary whe {25} {43

'“1§May za"pﬁéFV“ 147 | 1846 343 370 1041

2145 | | 17.6 480 3.91 | 28,0

‘Jume 2 | 17.2 | 1640 541 275 | 2348

Ef?"ffié>f 152 . 18.5 251 s 24,9
B ﬂfiﬁﬁs BTN ; 1649 369 bold 26l
g | 1s. % 11.4 259 3.55 | 7.1
' i3;pf?50~ 18¢3 2 .2 170 5.26 | 2649
July 7 11.6 % 5.2 205 3,086 | 2649
g 5645 1121 Gl 205 3424 50.6

w2

i 5"
1 i

Correlatlon coef. between 0.894 (525, )

earotene. ane oroteln, o e e e e e e o e e ot e e i e em




congtituents over the same perliods Thede ratios
record only welghts of leaf and give no indication
of the physical and morphological changes proteeding
congurrentliye. A8 carly as 8nd June the primary leoves
vare browning at the tips and by 1d4th July both primary
and seeondary leaves were entirely brown and sheivelledp
on Sed Seontenber nearly a&ll the legves were brown and
three weelts later the whols plants sppeared brown aad
deye In Tables 8 to & the aa@amggnying changes in
chemileal eomposiﬁiéﬂ are ghowils 'wab&e & deals witi
the gress taken as a whole, sxeluding only the poots,
Tables Gy 7 and & deal with leafl, steom and hord
respectivelys

It ecan be seen from Table B that the plants
startad to incercase in dry matteyr @vom the end ol June
onvards, reaching s falrly steady, comparablvely drieds

up state by Septewbers The fall in proteln and carvoten

(9]

was prograeassive {rom the end of Hay, although with both
the decrease was wmost rapid dueing the perdod of
maximum growbh. Phe elose corvelation between proteln
and carotene content will be exanined in more detall
later in this seetion {(psa7 )e

in Table 6 similar dabta Lo the soparated leaves
show, particularly in the values for proteln, the

pame trend of progressive losses Lrom May to Seplembers

agalin gradusl decreosse from the hipgh velues of early

suginer is very apparent. The value obtalned on 1Gth

42,

The carotene contents are rather more irvegwlar, although




{"S°H) ¢78°0

T rT Ul PUE EUE e B
0%000 QOHPMH@%MOﬁ

@@?J@Q

w e zeov m &0 | ot a*T g*T ﬂ evog [ ez

- 99%¢|  gwe 84°0 H 5T LT gz m.m@ __,,m‘.p%m_

9Ly | 4*3% eT*tT | et o0*3 8*T mwﬂm@. ﬁm _

ger ! weme 52T eg 13 AT R S T

r e agt | ce e*Q Prg mwwmmepmM“thﬂﬁmﬁw

 tore | utTe A 28 57 Tats Tees | og

W T6°e mwﬂw oot i 26 a*o oo W @twvmx _”ﬁ@mwf

Cgots | omag IR B 9) &g ovu &L o

| sgen a0 203 v 1°9 venovre | ot

[ gevu PR oz | 1% 9°g I zvs | .z eung |
ove | ez L*3 grT g*IT TFT | ﬂmm mm o

area

T

% T

‘““mwmwmwmwm

o ‘_om hmm

= S e

Mnm

SXIGTL

h:l!.

APLIT

3
DELTND
.Hmmu.n.

T Rap

| <23 /+8m)
M@Qmﬂamm

mnyw

onay

UTe10ag

(57

TTOLEaS

SPRID

—1Zy
m&ﬁmﬁﬁt‘wﬁﬁ

.mﬂ‘m,.ﬁ

s

“RUICUT] 48Dk DUOODS JO wo1s 9uq J0 UoT w

*Z STaed

A7

TT65 185 TR0




s

[
g

]

FJune is suspiciously high, but 1t will be noted thatb
it corresponds to an equally high protein content.
This §uggeats that the panple taken was not teuly
repregentative rather than that the estimations were
faultys A3 the plante became more Librous the ether
extraaﬁives decreased while the fibrous material
inereased. It may appear surprising that young leaves
should contein such large amounte of Librous material
but the values recorded agree well with the fipures
piven by HOSﬁGfM&ﬂ.&‘Hﬁll {27%) who found, fbr the

Leal of timothy grass, at the "headed" stage
{corvesponding to the stage existing on about 16th
Fune) 2455 fibre and at the "mature head" stegoe

(ce July 7th) 25.9% fibres  The ash figures all appear

pathar lowy no explanation can be offered fox this

unless lack of feritiliser application over two years

could be responsiblce. Bven lower flgures gtill have

been reported by Hovold Hvidsien  {288) whese values

pange from 6.5 in enrly June to 8.8 within two monihs.
Tt will be seen from Table 7 that all tho
ronatituents followed much the sane couvrsg as the
3erespanding ones in the leal analyses but, with the
aeaptlon of fibre, at a lower levsl. After {he

ond of July, molsture content, protein and carotene
changed only slightly although flbre showed a slight

PLlsce The comparable fibre figuves Yor timothy stoem

from Hostewman & Hell (87) cre "headed" (cf. June 16)

58085 and "mature head® (efe July ¥) 41.6% crude Tibpc.

44,




chenieal composition of the flower hoads of second year timotly.

Date | Holsture Oyude proveln|  darotene
L () . () e Sge dry ke )
June 16 T8e8 2040 85
&Y Tiled: 1360 s 26
B0 | 6045 125 | 75
July 7| 65.8 1541, | 70
14 0346 1246 Gl
21 6805 | 9.7 : 59
Augs 11 A5 1360 44
Septe 3 178 Ted 3 &
|

orrelation GO6t. beoween ‘772 : a
| __carotene and protein. ____ o112 (1-5:) .

H o
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The negative migration of mineral clements from plant
to s0il in the auvbtwmn mentioned by helesmu (9) mey
account for the decreasce ln ash content at the ond of
the 5eas80N.

Bxtraction of sueh small anounts of carotens
Lrom mgmewhat ibrous tlgsun ﬂs7nm¢ gasy and inedeguate
re@vaseﬁtaﬁiVa sompling can result in flpgures whleh
appear to indicate differences that may not give o
true dmpression of the grass ags a whole. Eemriﬁg
in mind these limitations, the caroiene content of the
stem Ald not change appreciably from June to wid July,
after which it fell to & negliglble value.

The sudden fall in moisture content of the {lower
heade in Septembey, shown in Table § wepresents
conplete dehisceonce of the matvre sesed, leaving only
the fibrous glumes. It is intevesting o note that
until this ocecurred the erude protein content,
derived malnly from the developing sesd, was almost
the same as that of the leal over ithe eguivalent
periods The Earvotene content was never high although
olightly greater than that of the stem until sccd
shedding.

In Filps. 8 and 4 a comparleon is wmade of the
changes in e¢rnde protein ané acarotons occurving in
the whiole plant, the leaf and the stem. ©The data
for the flower heads is not ineluded since they would
never ba considered economically as a sourece ol

oither conatituents

Ly




Fig 5

400 CORRELATION OF THE PROTEIN a CAROTENE
IN FRESH TIMOTHY QRASS

300
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Lt will be seen that the general shape of all
six eupves ls simllar and follows the basic pattern
illus%raﬁad in fFlge 8 of the chenges occurying in the
leaf/stem ratio. This is as might be expected. in
gpring when the plants have a vreponderance of leaf
the generel level of protein and carotene for the
wholae plant is high because at sucﬁ a time the stem
also containg ite highest concentration of the
conatituentss As the year advances, the leaf/stem
retio decreases and oven though'leaf protein renalng
Taivly high wtil Auguat, 1t cannot prevent the level
from the plant as & whole from dropping rapldlys
-Mentlon has been mads already of the claé&
cbrwalation betwean pﬁd%eiﬁ andl earobtens content and
in Pige B these are plotted as absclosa and orﬁiﬁ&te
respactively for the whole plant, It is apparent
that, within the limitations imposed malnly by saupling
the pointe lic senoibly on a straight line. The
coﬁrélatmmﬁ.caeffmeiant lo 0.994s  This result is in
good agreement with those reported by Machonald (53)
in o recent review of footors affecting gross analysis.
This corrvelation between protein and ¢arotens will be
referesd to agaln in Gammeatiw@:wiﬁh dried gragss.
Turning to the Diret year grasses it wlll be
noticed thet the intervels belwesn analyses wers
considerably greater than in the sccond year timothy
experinents;  this was, unfovtunately, unavoldables

fn g

2ith the exception perhaps of the lescue prass,

4:7.
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Pis 7
THE EFFECT OF SEASON ON TME PROTEIN
CONTENT OF ST TEAR BRASSES.
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FIGy 8

TWE EFFECT OF SEASON ON THE .
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sufficlent points were obbtalned to glve the general
shape of the curves in Flgas. 9, 7 and 8 Thena
illustrate the changes with the season in the ratio of
leaf to stem, snd in the contents of protein and
caroteng fov the whole planiss Tha dotted line in
WMlges 7T and 8 shows the comparable data for the

seoond yoar timothys

Tables @ to 18 give the dnta for the four gIrassod.
It 19 ilmmediately apperent {rom Tigs. Gy 7 and 8
that not only was there a marked differonce botween the
proteln and carvotene content of the fiest and second
vaar pgrogses but also that conslderalbe variations
existed between the four first yeap geasgses, This
sugsests that for any comparison of the chemical
composition of first and seoend year grasses only the
sang spegles ghould be consiﬂer@dg in thig instance
the two timothys. Suceh a comparison shows that at

any given time of the year in the periocd investigabted
the Tirvat year plants conbtained mush more protein and
cavotene than the second year plants. To balance
this difference there was bhe muﬁh'gremﬁer bull of
maﬁ@rial Trom any piven area of the second Foar grass,
péptieularly May and Junc. Phe {irat yeér nlots wore
of lnsufficlent size to provide any useful data
congerning yield of dvy matter bub from other work (£6)
1t would a@pear that over the whole growing ssason the
vialds from aley in 1tg flest and second year, under

vhe same conditions of manggement ave roughly in the
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B

oL e e Pivst year Italisun ryegrass (Hay typel.

i P A R Carotene
| Date | Average; - Bulk crude Protein {43 (2. /%z. Ary Whe Ratic
SR B Height '} ioisture #whole | Leaf | Stem whole| Leaf| Stem | Leaf/Stem

_ o mwn?wm, . mr.w ~ (Gry whel

&

oy e 568] 94 |  5.BB

sl BB | 20081 8249 1546
_.wm. 9 | .8

C77.3 . 19.1F  18.2 1 10.8 | 895 | 415! 104 | 5.58

M@‘

| 840 | 18.51 1Tl 6.8 | 298 | 402 44 | 4.70
,_W”mmm. 1 L 86.7 | 1845 1645 | 7.6 | 385 | 4621 14 | 5.10
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st & 2nd year IIMOTHY AT THE.
25 SAME O9TA(“E OF 1itROWTH
(S) *CAROTENE CONTENT
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proportion of § Lo ©.  To make up for the lower
‘protein value the éeasnd year grass would need to yield
at least twice as mueh as the younger grass. It shouwld
be wealised, however, that when the Very-high cavotene
and protelin contents exigt in the firatiye&r gragses
the plants eyre only 8 to 4 inches in heights  Moreovern,
i® the two graspes are compared at the seme state of
growth, l.e. compaved physiologieally rether than
ehronologleally as in Fige 9, where crude protein
content is plotted apalnst average height and where
carotens content is indicated by encireled numbrals

at selected points on the curve, 1t con be sean that
the apparént differercey are censiderably minlmitod.
From the Parmer's point of view this would be the true
hesiy of‘ammﬁariaon becnuse grass less than 8 -~ 10 inches
in height is uneconomic to hendle elther for drying or
silage making and would not stand heavy graginge.

Thus althouph proveln and carotene formation
follow a course in the second year of growth éimilar
to that of the newly growun plant, the previous year's
estbtablishment ailové ﬁhiﬁ ée#wlmpmenﬁ tn ococcur some
6 =~ 7 weeks earlier and at a olightly higher level.
Sueh a gap should be most gratefl to the grass drier
whose alm ds to extend the limited pgriocd whon his
grass ls of fiest guallty over as grogat a part of the
yvesr as pousible. Morgover, bthe diffovences in
composition between the four types noted here would aid

guch a scheme, Iin thils instance the fescue being a
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further six woeks behind the timothy, with pregrass
and cocksfoot lying intermodliatolys

Quantitative differences similar Lo those
alrveady noted in the 2nd year tlmothy exist in protein
and earoteng conbent betweon leud, sbom and whole plant
in the Lirvst year grasses, as 1llustrated for the flvst
year timothys in Plge 10. Beoause of 1ts later
Aevelopmant bhe general level of both gonstiiuents
in the firat yeayr gressces is hipgher ab the end of the
groving yveay than in the older prass, showing that
the physiologlenl statse ol the pzﬂnt rather than the
Geason 1e the'guve?niﬁg Factora As would be expected
the leaf/stem cablo stavts much hipgher in the fipst
year grasses but agaln follows the shepe of the bapio
curve glven in Fis. 2, o steey fall durding the period of
maxinoun geowbh followed by a very slow decvsase Lo an

approximately constant level.

DISCUBSTON,

The familisr seasonal change of grass from lis
springtime leaPiness to its fibrous maturlly ln awbuomn
hag heen followved by the chemical analysis of sertaln
oF the plaat constituents snd also by physical analysis
of tho plant pawto. Wetson (68) has vecently supgested
that three distinet steps can be associated with the
season's prowbh. These arve (a) the eavrly stape:
planto lealy, 11%%1@ sten and no flowering heads,
(b} the early ﬁlswérﬁng gtagey some Lloverlng hoads

pub not in all types of prass, {e) the full fLlower




~0T3BT wWOYS/IBRT YT . - o .o
PUB WOLS TUR JEOT J0J SONTBA IBNDTATPUT WOSZ POIRTROTRD .- Lo SN

y
- 5*ce P g*12 L= et ;3 LOTATE:
g*p &*s - 56 | srez | erer | (%) wiejord
T v Lot o7l L BTe 0 euT . (*3s Lap +9%/°5u)
“ ~ ; i S : mﬁ@#a&ﬂv
mwm.m, 1T W _ﬁwmm BIE w avel ..w_m.,.w mmmh g3 v - awes wm.w_..,.._.‘ kmmhgm
T T 3gens genots Tind m 99E15 SuTIONOTT ATIRE o881 ATABE -

TROTS S3T TT Soru3s JUedosiip foduy ;,ﬁw TUTOTTT .

TOoL DAGI5S Pue 304 s SRR Hmmwmﬁ

*GT oLaBs




stage vhen all seed 1s seb or sebting Applying
thig e¢legeiflcatlion o the lst and 8nd year dimothy
prasses furnlshed the results shown in Pable 15

It can be seen that in the cavly sitage the groas
vould be meat suitable o CoNSETVing a8 o concontraie
cliher in the fowm of sllagy or as drisd pross.
The eardy flowering stoge would provide o good hay
type of grass snd one often better then nompally
profuend, whilst grasg which hes pooched the third
stage would have only peor fesding %&a&iﬁie&; From
the shape of the curves In Plgs. H and 7 1t ia
appavent that the period svey which gRass grovwn Tor 115
high proteln=low Libre composition ean be obialned is
very shopta Iindecd, adverse veather, sueh as lack
of raln coupled with o high teuperature in the eavly
part off the year may caude the grass to Y"shooth,
Torsing flowering hoads om.ahaxt stems with less than
the nomal complemont of leaves. Sueh grass would
then fall lwnte the second class mueh'aarliﬁr in the
yaear than it oughta The offect of fagular-ﬁmt%%pg~
nt the early sbtage will be deslt with in Scotion Be
Fagen and Milton (J4) found that when sesond
vear timothy was cub at the "paaturs® stape, asboud 4¥
high, the leaf-gtem raﬁ#m wae 567 with 11,319 protein but
vhen the same grass was cub Loy hay the leadssteom patio
had fallen 4o 1.1 and the protein to 6.8%. Fagany
jilton and Provan (15} iln = olassic investlgation of

the effeet of spplications of sodivwm nltrate to pyogrosd




and clover, separated leaf and stem and found very
aimilaf sersonal changes for these ﬁlants as those
rocorded for timothy grass. They investigated also
the effect of weekly and monthly cutting and as would
be expected, the short leafy bherbage of the.ﬁeekly
cubs hes considersbly higher protein and less Fibre
than that cub monthly. With attention turning later
to carotene content, other workefs have noted the
decerease in chlorophyll and earctene with advancing
age of the pross. Watson (85) and Maynard (54) have
shown that young plants are vich in carvtene while
mature ones contain negligible muounis.  Stanley (48]
reports that early cut greass 40 be twice as potent as

mature grass and 100 times as much as November cutting

with respeet to Vitamin A. 8imilar econclusions have [

arrived at by Thomas and HKlliott (50). Virtanen (51)

56.

8

@erl «

obaerved the same trend in ocats and barley and suggested

that the predominating fuctor in determining dboth
carotene and protein was stape of growth.

The data in Table 3 and 4 and Table 10 show
clearly that the reason for the high pratéin and
earotene at the early stage is the preponderance of
leaf over stomy At all times of the year the loaves
containad more protein, more carctene aﬁd less fibre
.thag the other parts of the plant, hence young leafy
grass lg essential for concentrate production. Lven
grass Intended for hay, if allowed to grow past the
early flowering stage in an endeavour to gain in bullk

willbe low in protein and cavotene and high in fibre.




Fagan (11) showed that postponing the cutting date by
seventeen days, from June 28nd to July 2th, lowered
the crude pretein of a mixed vyegrass-clover growth
from 10.8 t0 6.7% with an inerense in flbre from 28 to
B25he fimilarly Crampbon and Porshaw (7) found that
the feeding velue of meadow grass and brome grags
changed throughout the &aar and that spring hevhage
ving the best, partly on account of ite hipgh protein
content mad paprtly because of the greater avallebility
of the carbohydrate fractlions. With first year grasse
a 1ittle mowe 1aﬁituﬂ@ may be allowed in the time of
cutting because the lealy stage pevsisits longer duving
the perlod ol the plants cstablishment, a fact which sh
be uwselal in pianning prassland for conservations

It has been mentioned that it'was hoped that
analysis of the data of the sepadated grasses would
answer the question whether it was woith while to
endeavour to bulld a maehine to perform this operation
mechanically. Although the gresses on which leaf-sten
separation was carried out recelved no Pertiliser in
the year under investigation, they were grown on land i
good heart and would not be unduly worse than grass
grown on many British Larmo. From Poart & of this
thesig, 1t will be found that hoavy fertiliser
gpplications can considerably luersass th@lpvmt@in

content of grass but it is unlikely that the general

trend of protein levels of leaf and the whole plant )

with respect to sach other over the season, will be

57 .
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markedly different from those of the grasses lanvestiget
To make the separation of leaf Trom stem economically
worth wirlle would require g minimun protein difference
of five percent in favour of the leaves as gompared
with the whﬂle plante 1P this aspumption is accoepted,
it can be seen from Pigs. $ and 10 that these condition
oecurred in the sgeond year timothy over the 10 wesks
perlod June Iith to August 26th and in the fivetd |
year timobhy over the 18 weok peoriod from July 20th
to the end of Sepitember. But only inthe firad two
weesks of thase periods would the leaf contain more than
14% erude protoin which is acbually 8% below the
minimun to be considered ws o protoin-rich meal of fies
prode. Holmes (86) has shown that the application

of hoavy dresaings of nitrogevous fertiliser can
prd&uca grass with éruﬂa protedn contonts sg high as
B6-307% at a heipht of 6-10 inches and it seens Poason—
ahle to a&aume that the proteln content, i such »
grass waa alloved to grow to maturity, would Lollow

a similar dovaward curve to that of the prasses
investigated. ¥ that weyre so, the length of time
over which the lealf would contain 5% move erude protein
thon the whole plant and alsoe eontain net less than
16~185 erude protein would be aboud § weekss This
increase in time mipht be useful were 1t not Lor the
faet that by proper masagoment, sush ag provision of
firgt sand second year leys off dlilfferant species a
suppested gbovae, together with the 1liberal application

of nitrogenous dresgings, an equal if not better

58.

k3¢l o




gpread~over of Dleet grade grass Loy drying ecould he
aceonplished, and grasse whieh had pasged the
Yeoncentrale® stage could then e utilised for the
eoually neceusary hoys

The conclusion must be, bthat on the data presented
methods of grassland manapgesent are possibvle whieh
ronder vanecesaory the diffioult separation of apeling

grass into leaf and ostom Cractions.




PART B,

TR GEREOT | OF  MAHURLAL

fm,mmas;gm DN EEE L CQMPOSIRTON | OF  CGRARD .

The work deseribed in ithis seetlion Lormed part of
the greassland investipgation programme of the Hannnh
Tustitute wnd wes planned sad eondusted largely by
Dre Ws Holmes,. The author was concsyned malinly with

the estimatlon of carotene in the gresses and also to

& lesger exbont with the -determination of crude protelil.

The following account deals only with these two grass

constituents but $o complets the picture, the other

£t

agpects of the whole experdment, such as dwy mattex
yields, mineral congitituenty eie¢, ave baiefly
raeaunta& in Appendix L.

The resulie alveody dlseussed in Part B have
Bh@ﬁn'%hﬂt pranses quickiy poss feom @ npubyritionally
yalueble gtate to one where thelr bhest use can Dhe
nothing moee than as a bulky supplenent in the maine
tenance  ration for deipy aeattlo. Bguallys the
compositional changes ol Aiferent specles wore mhoun
to cecur at varging rates, and in en expoplment which
included maburial treatménts &ik@ly‘td alfeal the
prowth rates aonsiﬁerahly, it wes obwvious thet ocutiing
the peass on 8 Lixed chronological hasis weuld Be
uselessa It was degilded that the physinlogiceal sisto
of the herbage should be the detasrmining factor and all
cuts weprs talken when the giass was In the young, leafly

stage prior to heading which, in the sesson under
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roview (1946) uvsually cecuvred at a height of elght
tﬁ;eleven inchess This gave a pPoduct ol high
natrdtional value of the type most sultable fop
conservation eitheyr by drying or oensiling.

Two pastures vers used, in Series 3 & one yeny
ley of Ttalian pyegrass and broad vod clover which
had beon sovn oud under barley in 1945 and in Scrdes 4y
a four yeay old, long ley in vhieh nyegrass wag
predominant, The Series 4 pastuare had been prased
by o daipy hoed for the previovs three years.

Prot slges |

It had previously been found thet plots 1/800
aare In aren vere a suitable slze an long as throea
replicatos for cach treatment weps employeds  Nine
manmrial treatnents were invésﬁigaﬁed, hence each
serics consisted of thres blocks of nine plots
arvanged so that esch troatmendt nppeared in each blogk

and each POW.

Hanurial treabmerrts

Heavy appliecations ol o nitrogenous fertiliser
were to be employed and as amuonlum sulphate ie
said by Lewis (82) to he harmful to cvops and soll
in levge anowits, niteo chalk wag used as the souree
of niirogeis Lime, basic slag or superghoaphate
and potassiun chlorlde wevre uvsed in i he bagic dressiogs
and whon phosphate and potassium were spplled during
the seagon g compound fertliliser (Egﬁolsg.G.E. No.»i}

containing 186 N, 18% ?ﬁﬁa and 18% E.0 was usod.
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The basic dressings were as follows:

All plois:

gerles 3:

Serigs 43

The nine empeorimental dvcosings wereiw

Treatinend Al

Preatment B
Preatinent 3

Trentmant s

Treai:mm‘rti s
Preatiment i
Traeatment
Treatment H:

Prentment I

Tdme, 1 ton ground llwmestone per acro.

>

guperphosphate (1850 }?,”365) B ewt. per nere
Potassiun (GO% Ky0) % owt. potassium
chloride per anpe.

Basic dlag (16% P,0y) O cwts per acre.

18 ewssfacre nitrochall, 6 cwts applied
in Lavehy O owbe in Moy and 6 owbts in
‘3'11373?'\.

B owbs/nove nitrochall, 6 cwhe applled
in Maveh, and O cwie epplied in Moy

G ewbe/vove nltrechall, § owbte applied
in Haveh.
gontrel, no spplicablon.

& pwbe/aere nitrochalk in Maprch and
aftor caeh cuts

1 owbas/acre nitrochallk in Mareh and
aftor each eub.

18 ewbs/acre nitvochalk,; & ouls in

2.

Harvehy 6 ewbe in May sud & owt. in Jely)

x

6 owb.facre nitrochally, 2 awts in Mavell,
8 eowbe An Moy and 2 ewbte in - July.
20 ewts/oere of a mizture of egual parts
of CellePe nnd nitrvochall, 6.6 cvts.
in Haveh, G.80 cowis In Moy and 0.06 cwlls

in Julys
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Summary of cuttlmt data.

TMHt—W ! Lir.=.ASeriao 5 Series 4 1
Total #m#er Av. height at .Total jmmber* Av. hei?t at !
of cfe, 1 "eutiiiuN fiaj of eats# i cuttliK (iiw) t
A 8 toi - 8 i 10&
B 7 1% K 5 3 10
Cc 7 10 I 4 ! *
D 5 10 fe# 4 I - 9
5 8 \ toi
P 7 10 r-' : : A #
a 6 10 5 10
H i 6 10 4 10
| i 7 10 i 6 10
L _ T | e e ¢
i o
5



Treatments 4,B,¢ and D provided a comparison of thoe
effect of dAifferent amounts of the samne Terdtilisow,
Treatments B and § used the same fertlliser as in
[aBy0 and D but spplied as o nuwnber of 1lpht dressings
The objeet in Treatment ¢ was to maintain production
of protein in the nalural seeding perlod Ly applyidpg
the heaviest dressing In May and can by coupared with
Troatment B which used the same guantity in a
different manners Treatments ¢ and H were similavly
comparables In Treatment I the nitrogen wag
supplemented by phosphorus and potassium in the
approximate proportions occonwring in grasses and could
be compared with Tesatment A

Sampld g,

Four areas ol 72 sgein. in each plot were
selected by pandom caste of u reetanguiay Iramne
and the bulked grass uwsed lumediateoly for moloture,
cavotene and protein analysis.

Until midw-Jdune the groving season of 1940 was
retarded hy droughi én& cold weather, thereaftor
both rainfall aod temperature wers Lavourable fop
growbhe
gut Gl L120)

Tabie 14 swoarises the effect of manupial
treatment on the number of times plots subjlected bo
the various treatments were cut during the SARBOT

Phese data are taten from the thesis by Holmes (26).
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RKPTRA S.

p = crude protein

one year ler»

Treatment B
JZaL, . é?'
Bate 11/4 11/4 iy
51.5 374 31.8 418 30.3 '339
st 30.9 388 88.6 408 30.1 377
30.6 371 27.6 408 31.8 377
Mean 30.9 t 376 29.8 409 30.7 ' 364
Date m-—
16.1 318 16.8 338 12.9 1285
2nd 16.0 329 16.8 358 15.6 ;274
166 532 16.9 363  16.9 %240
Keanjis, 2 526 16.8 353 13.1 266
Date 7/6 11/6 11/6
125.1 431 20.6 298 10.6 250
3rd 125.3 424 22.3 311 11.1 288
j25.9 447 22.4 336 10.7 246
Heanj 26.4 454 21.7 315 1ox3jj§}
Date 4/7 5/7 8/7
19.6"  448:15.5 316 12.3 360
4th 17.5 454 17.6 340 12.8 383
17.9 476 19.0 350 13.7 339
Mean 18.3 459317.3 335 18.7 361
18 1/8
20.5 466 17.0 449 18.7 472
Sth 19,8 454 14.9 388 18.3 485
19.4 473 14.5 423 15.2 442
Mean 19.9 464 15.5 420 17.4 466
Date 29/8 3§ 4/9 4/9
23.3 485 17.1 433  21.0
6th 21.3 469 14.3 386 20.6
25.4 527116.2 418  18.8
Mean 22.7 494:15.8 412 20.1
1Date 2/10 17/10 17/10
26.7 I 611 21.6 438 21.7 466
7th 1 24.9 I 512 19.6 4471 21.6 542
27.2 1 540 19.6 408 19.7 470
1Mean 26.3 ! 521 20.3 431 21.0 493
DateI 30/10
8th 22.8 456
24 409
Meant 84.9

"r.t

Table 15.

9/5
11.
10.
11.
11.

272
276
869
272

w g o o

9/7
14.4 320
263

305
296

12.8

11.7
12.9

9/7
14.4 1320
13.6 1263
13.4 305
13.5 &6

2/8
19.9, 462
19,74 434
19.6 456
19.7 467

4/9
21.1 444
19.8 401
23.9 410

216 418

17/4
18.7 273
276
869
272

16.3
8l.4
18.8

JL7"5
252
245

256
251

12.2
12.0

13
12,4

19/6
13.3 311!
13.0 &)4i
12.6 3131
12.9

8/17
17.3 473
16.5, 439
16.3 401

16.7 437

2%y
28.9 423
20.0 456
18.4 467
204 445
23/8
19.6
17.6
20.6

423
410
456

19.3 430

25/9
25.0 473
511
539

508

84.7
25.6
25.1

9.1
;3.1
12.6
11.6

9.8
11.5

15.6
11.6

11,6
15.6
10.8

15,3
16.
15.8

26/4

310 12.6 ;

208
235
243
228

191
196

216
201

8/7
299
285
307
296

B3/7

7

159

17.
13.
15.
15.

28.

21

21

,24.

29/10
26.4 468!

27.6 616"’

27.2 479
27.0 487

1
.5
9

355
377
363
365

20/6

5
0
0
2

405
342
281
343

25/9

1

.7
22.
.9

1

490
| 542
469
| 500

29/10

1

448
467
442
452

1 9.6

crude protein and carotene contents,

C* carotene (mg./kg. dry wt.)

18/4
17.5 352
336
342

343

17.4
16.7
17.2

29/5
8.9 170
188

815
191

9.6
10.4

5/7

896
446
436
426

18.
18.
18.
18.

o O D

26/7
14.5 426

17.0 446
19.0 430
16.8 432

20/8
23.4 480
435
470
462

22.7
24.3
23.5

19.

1p/4

4

312

19.2 299

19.1 395
194

2

334

9/6

8.0 173

11.
10.
14.
12.

16
17
20
17

20
30
19
20

.0

.6
.2

o o wu dN

172

185
177

259
280
524
288
25/17
9 363
0 350

.0 385
.9 1366

2/10

.4 428
1420

.4 460
.0 1436

65

10/4
27.91 350

30.91
27.51 355
286 T 375

419

7/5
17.13§ 195
17.1 1 209

16.4 1 1%
16.9 1 200

ye.
26.6 T 329
22.4 I 292
83.1 | 302
24.0 1308

4/7
"T7.i1 423
16.2 : 463
16.7 i 429
16.7 ' 438

19.
I17.
19.
: 18.

~ s =
[IsN
(o))
o

! 16/8
320.7

I23.
;21.
j21.

505
486
465
1 486

o o O

V.io_
;416
3392
W27
Uulz2

123.

21.
A23.
122.
I

o o bR

HH 2 H 2 H
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Table 16.

SERIES 4# .. Seosl permaaeiit gasture. Grade protein and earot

P » erode .pretelh/iyy/Cas carotene (mg./kg. dry wt.)

&' "Treatent' /2, ' ; o' E P
Gut p . Hl XIT4# ,.~VvE : p o{ p O { F
. o’ .
-rl'Bat'ejs ,'~/14f8 /:1 : r-VssiM/ i 28/5 1 21/51 a
p..!.,.T: /P -_;.1,. 14
458 30.01-, 12,0:5;7801:-| 14%0%  , 15.s, 284 1 15.3
1st P42~ 1:1.3%41 -556 i\ 16.6 k' 036)'1‘v s W 17.41155d( 14,1i, 295 | 13.0
§3"3'g' 20.9 389 1 16#2/2674 12*i | 28sI 289 1 12.3
19.3 532 1 13:#5:;;28vi 14.8 {251| 14.6} @91 | 14.-2
i; ; 20/6 J /19/6:,-.4 1 20/6: 1
*4 T,484,1".—S4.5],-499MM14.6 ;329 * 11.93256 : 1521266 i 20%
#41:.<> r_m:ﬁ_ggg- i j 15712661 355 i 2043
8nd 4§ '36sI8 ' 491 : IO#9 '300 : 12.7 I258 ; 13. 212481 15.5% 310 | 21*8
869 Us4 T.35%81 449 15.7 ;505 § 1°4% 525:1  12°5 {saeol 14d>| 355 | 21.8
*EET : . w3
|p8o~ A;:,6#1p479 1447 511 1'13,0; 830 ; 155 12651 15%4 21.4
P P
-, 153;1,,,,,,,,1#5p 'ppt y/t3/S'.-}'-] 25~ 1 3#/7 1 1
14ST i:17.3 I-461 : 'k r . J::"'1A3 '356 : . i 16.
1487 £17.3 I A:la#qﬂgv i i 16.9 1383 113.7 |498 i 16.1
st THO::.. 1433; _ . 16.7 :551':;-%4,94#5, i 19.6 (440 113.3 1~ i 16*8
DWW/ V. -4 % e DEN oW =
irwp \m 9% 406 { y 15.7 ‘547 17.1 |413 115.3 1504 | 13*2
Mean i46-.: 118. $ ](:'1#r4 .iP 1499 :1566'—T1'14.5 1.332 17.9 1414 i14.1 {508 113.7
1; - O Y A
P'r!ll_
sate 7' AL™8 1., .55, 1. 15/10 r 16/10 1 5/9 | 20/9 L
i25.4 \sis 1 16,2 604 19.114161 16.8| 455 16.0 1454 119,11 60S ! 20*
4th 1~ 8 jsSafi15.51538i 17*21 4781 I8.2I 462 17.1 §513 120.61 525 | 19.
< 1 |
§31*5 ;#40 1 15,3 5441 18.4I4181 18.0* 471 18.0 1559 i17.11 477 5 17.
!
I..Men. |,30%a,{,548 j 15,3 15621 ,,18%$ ~437 { 17+7.'LydG3. 17.0 1508 i18.9 i 502 i 19.
irlDaté: 3/10: :  15/10 I 1
. N _ 1 i I ! 1
! .,sezs i19%:1-43L,i, 4 # o I 22.7 1448 i 1 } 22.
6th !36.8p3isv'1',-2i*s--1m°:" i ~.9 |465 P i i21.
i ]
i36%3 676 120.¢ 1413 * . p?2ppl % 25.3 {499 Y 1 ; 21.
-» .' IT-t p
gbah'—, S|~.:'i:80.i:;f4a3 = ;g 21%

Ik
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Gaude protein snd oarobencs

Tables 15 and 16 present the percentage of epude
protein and the carotene content of the grass ab each
cutting, Table 18 refers to Serics B and Table 16

to Series 4. Oach figure is the mean of three
separate sempleos taken from triplicate plots. The

pretelin data is taken from the thesis by Holmes (z6).

DESGUSHTION

In the forepeing experiments a study hus been
made of the extent to whioh the cevotene and protein
cuntents of grasse at a highly nutritious stage could
be inereased by varylng amounts of feriiliser applicd
in different ways. Gomparisen with the control
plota shoved the beneficlal effect of the Tertiliser
in the incrcased nunber of cuts which could be taken
over the same period and the inoressed mmounts of
carotene and protein in the tyeated grosses. Thig
eifcet, as mipght bo expected, was less marked in the
older establishod grass which had boen groazed for four
years previously and In which the proportion of early
growing straine would have dlminishods The quicker
groving young ley woe ready for cutting a month befopre
the pasture plote and this must be attributed meinly
to growth hablts rather than response to applied
nitrogens  Although the plots in boith flelds recceived)
Tor any given treatment, the same welght of nitrochalk

per acre it is likely that the density of the plants




in the two series was considerably dlifferont. The
2031 bearing the Pyograss and clover whleh had been
undeprsown with oals in the previous year would contaii
many less roots than that of the estebliched greso
pasture and, being unencusbered with a thick sward
would allow guicker penetration of the fertiliser
and would provide a greater concentration of available
fertiliser per plant. In addition, the first yeay
loy would still contain the earliy growing straing.
The effeet of increasing the fipst feyrtiliser
dressing, from 1 to 6 ewh./acre was to deerease the
time lntervael between application and cutting from
3% to 28 days in Serdes % and from 62 to BS dnys in
Series 4« Barller eubting following sppilication of
R5+3  and 6946 lbse/aere of (IH,),80, and 464 lbs./
acre wa{ﬁ%}ﬁ respeciively was also found by
Blackman (8) although not to guite the sane deproe.
(e} gruds Protein,

Although the physiological state of the grass
vas sensibly the same st esch eut, the erude protein
gontent of all plote varied considerably from one
cut to another. In Sewles &y in all except the
control plot ard Treatment ¥ (1 ewbe nitrochall after
each eul) the protein content was highest in the
gpring and autunn.  Treatment & (18 cwi./acre
nitrochallk in three equal dressings) resulted in the
highest average prolein content, and a small number

of heavy spring dressings resulied Iin a greater

Ao
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protein content than the name welght spplied more
regularly but in ameller guantitigs over a longer
perlods  Addition of potassiun and phosphorus gave
a very simllap proiein content throughout tho scason
to the same nitrogen treatment withowt potassiun and
phoaphorus and did little to prevent the mideeason
drop vePerred to by MelNalpr & Fowler (58)s  Archibald
(1) and Watson (60} who used lighter dvessings hoth
found a similar tyend in the swmmer montha.

In Series 4 Lths proteian contenis of the comim-
permanant pasture followed very much the sane pattern
ag in the temporary ley although at a alightly lower
lovel and again, the highest values were recgordad
in spring and avturine

(b)  gQazotene,

Prom Tebles 18 and 16 3t ocan be soen thet in
hoth series the sarnitene eontent followed elosely
the general trend of the protein content. It was
not, on the whole, subjeet to such wide fluetuations
ae tho protein content and some of the carotens
valueo mey oppear rather highe It should be remewberefl
that during this pavt of the work the analyiical
mathod employed in the sepavation of cavetens from
the Ffreah geass was one Ruowh to glve erroneously
high resulis. This matter was fully discussed in
Part Y.

The effeet of incveased amounts of nlirogoenous




Fis 1l
CORRELATION BETWEEN PROTEIN & CAROTENE

OF QRASS IN SERIES 5
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FiQ 12
CORRELATION BETWEEN PROTEIN & CAROTENE
OF QRASS IN SERIES 4 - ®
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Tertiliser (Treatments A to D) vesulted inm the highest

»

carotens content in the grass receiving most Pertilisct
with the control plot containing least. Direct
proportionality botween fertiliser applisd and protein
and earotene content is not to be expected and in
Teoatments A o ¢ a ratio of Ffertilicer guantlties

of G121l is veflected in cavobtene ratios of Bedil.dsld
above ths léval of the control.

The seasonal variation in both ¢ arotene and.
protein contant requires some elveidation in view of
the attempt made 40 cut all plots nt the sano
physiologleal stage throughout the yoawrs The
expianation appears to be that during the July-hugush
period 1t was alfficult to obtaln a veasonnble yield
if the younp 1@afy shage of eutting was sltrictly
adhered tos  This wap most Jikely because during the
sumpey menthe, @reosy which has been eub ab reguler
Intervals each time bafore foweving, makes vigorous
afforts to pud up o Lloverding stem, snd in donsequence
the vatio of leaf o stem of n plant 8«10 inches
high in August is lees than that of a plavt of the
saine height in May ov october. Yo direet monsurements
ef leaf/stem ratios were made in this part of ihe
work but direet obsepvatlion gonfirme this hypothesis.
The loerease in the propoeition « ofstem leads to n
fall in both protein ond carotene during the tide
gumner monthe.

In Plgs. 11 and 1B the values for erude proteln
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are plotted againgt those for cavotene for all the
cuts and trealments of Serles & and 4. Again,
as in the previous timothy experiments, the two
congtituents con be seen to be closely inter-rolateds
Table 17 gives the corralation coofficlents and
shows that out of the eighteen corvelatlons avising
from the nine ireatments in the twoe serdes, ten were
highly significant, three significant and five not
significont.

fneluded in Pable 17 are the ratios of onrotene
to protein {@btaineﬁ by dlviding ngs ke carotene
by % epude protein) ab the bepinning and end of the
growing saaﬂan;. In a1l except three of the treaiments
more carvotene was assoolated with a given percentage
of protein in the auntuwnn than in the wore rapldly
grovwing spring grass. Hoon (38) has repovted
similar vesults. This may be beoause even in thia
very leafy material the natural hablt of producing
a flower stem in the spring grass resulis in
alightly stemunier material than late in the yeapr
when the shortening deys preclude any 1iklihood
off Tloverihgs

In 8erlen 4, cavotene values were generally
higher from the eotablished eward than in the
ryegrass temporery leys pakrticularly in spring and
aubumn,

In conolusion, 1t would appear that manuelal

TS




treatments likely to ineremse the yleld of erude
protein will, in pgeneral, increase the cavrotene
content and that the ratio of cavotene to protein
ie likely to De greater in auvtumnal growth.  The
groeatost yield of both proteln and carotene is o
be e xpeeted from o small numbor of heavy speing

drensdings.




The worlk in this seclion is concovned chiefly
with the carvotene of grass and o sbtudy of its loss
during the three processes &f neeparation of the grass
for drying, the dvying process itself and the sterage
of the dried prass, with & view o reduoing such
logsas to a mindmums As pro-vitamin A, f-cavotene is
of considerable valve to animeld health and as such
is an lmportant coenstituent of prass. It ig, unfortuna
1y pariticulardy suscepiible to &@strmmtiaﬂ.aa was
mentionad when disoussing methods of ganlysis of this
pigment.  In froshly eut grass the carotens is
Lmnediately liable to oxidation, phobochemicel
breakdown and engyme action, to glve produets incapable
off subrseguent fermation into material possessing
(vitanin efficlencys

(a) garctene losses

pidor to draring.

In commereial grass deying any yaéucti@ﬂ‘in
moistuve eontent that can be produced in the fresh
grass before drying is most desivables  Avsuming a
molsture content of 80% 1t is evident thet in evouy
B tons of fresh grass there will be four tons of
watery wheveas 10 the melsture content had been
previously reduced to 67 the grass drier would need to
evaporate only half that quantity. dueh o yeduetion
can be aohlaved by wilting the cut grass in the fleld
for a pericd of some hours, the duration of whieh will

depend on the weather conditions. The gain in case of

T4
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deying will be obiained at the expensé of the carvobone
content of the grass, and the followihg expeviments
were made to dinvestigate the extent of such losses,
Puriag a period of fine, warm weather in late May,
groags of 10-~1% inches lengbh from . temporaly fyograsse
cockafoot ley wis eut and allowed to wilt fov foup
Anys It was turned by hand forking evaery two hours d
the first day and thereafier oveyry three hours during
the daylight perlod of successive days. A somple
was teken lmmeodiately after culting and prior Lo caeh
turning. This was mpade as ropresentatlve as possible
by toking emall quantitices from points distribubed
egually over the eul avea. From the bulk sanple
a smaller number of plants vepresentative of the
whole were taken for determlination of earotene and
orude protein contenbs. The yomalnder of the large
somple was drlied in a vertioal oven atb 110%s. to a
constant weipht to provide data from which to caleulate
the moipture content. The aly temperature at ground
level wae wvecorded on a tharmogreaph and the nmber of
hours of dircet cunshine bo which the wilted grass vwag
exposed noted by diveet chsevrvabion. Relative
humidity wag measured hy means of o sling hygrometer
twice dally at 1000 and 1700 hours B«S«Ts  Rainfall
flgures were obbained fron the meleorologleal station
ot Auvehineruive, 800 yavds to the south of the
cxperlnental plots. The wresullts are glven in Table

18 and in Plge 18 the carotene content is pletitad

76,
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againet the length of time Loy which ibe pgrass was
wilted.

The farmer is often facoed with an adverse chenge
of weather soon after cubiing grass, sitber Low grass
drying owx, perhape more often for haymaiing, and Pable
19 records data similar to that in Table 18 bul under
worge climatic conditionss

goon after the etart of this repeat experiment
the weather worseéned and there was completce fallure
to wilt the grass to a low molsiure comtents Never-
theless the date shows that even under sueh condliions
corobene is rapidly lest, at the end of the Lirst doy
the criginal content had decreased by nhearly B350

from these raaulﬁé it is obvious that any losas of
moisture and conseguent galn vo the economy ol gross
drying is obtained at considereble expense in logg of
carotene, I the dried grass i1s to be used fop
cattle feed such a loss probably matters 1ittle since
the chief value of the dried grass is its high protein
eaniént. Bub. whan the needs ol pigs ard poultry ave
considered thelr sources of carotene ave more linited
and as high a content off carcotene as possitle is
reqguived in the dried grasse. &fﬁéy taking im&a asocount
pogssible carotene losses in dried grass from other
causes 1t would appear that the loss in willdng should
not oxceed ten per cepd of the oniginal fresh value.
PFrom the curve ecorrelating less of carobene with

gvaporation of water fop the Lirst day it appeavs that

78.




this amount oif carotene bss accompanies the removal

of 10~18% water from the Lreshly cub prass. This
menns bhat the permissible dime of wilting will wvary
with the weather conditions and in sunny, warm wegather
8 hours is pevhaps the most that ecan be allowed if a
high cnﬁmteme weass meal is desired. ? In this length
of time the meisture content may be expected to fall
to ahout T0%.

(v) ¢ayotene losses during derino.

There are meuy 4l flerent commercial grass drlers
in use, cmploying a vaviety of systemsy of operation,
but one type responsible for mueh of the pgrass dricd
in Brltain consists of blowing hof alr through a bed
of grasa travelling fobrward on a meotal belt. Messrs.
Patrie and McNaught have specialised in this sysiem
and & meachine manufoptured by this firm hag been in
use for o ounker of years at the Hannabh Institute.

The f'resh, or wilted grags, is fed by hand on to a
proelininsry conveyor belt Lrom which it is discharged
on o an endless steel belt, 6F feet in width,  The
gtoel bélﬁ caﬁriad the grass through a drying zone
heated by gases from a coal-fired furnace; the
temperature avound the grass is kept at aboul 540°F .
(1¢oﬁc.} by sdémixtures of atmospheric alr, Although t
apeed of the bellt is adjustable and considevoble
gariatlions in temperature ean be obtainsd it was felt
that a closer contrel of suweh factors was deslirable to
inventigate thely effect on the carotens countent of the
dried grass. To this end e small laboratory drier

was constructed capeble of deallng with about BOO g£.

79.
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The Tresh grass was welghed into wire-mesh bashkets and
kept in the oven until o constant welght was resched,

Howevers it was desivable thoat any results shovld be

eapable of interpretation in terms of the Petrie-NeNany
'machine, and before procesding with the investigation
a comparison of the effeet on the caroteng content of
the grass dupring drying in the commereiasl and laborator
machiines was mades

(1)

son of commereial and laoboratopy geacs

A large soample of gross was taken from the load

drying mn and, after thovoush mixing, divided into

thyee noarts. On one part the molsture, erude protoin

and carotene contdrldivwere Imupdiately dotemidneds
after drying and placsd in the uéual manney on thé fead
end of the Potri-fo¥eught deiew. The third portion
was dried in the leboratory meehing under conditlons
of temperature and time of drying which had eavlier
been found to be efficient snd ressonable. The dpy
grass Trom both machines was ground o a fine powder
in a Christy and torrdls hammer mill and analyzed

for moisture, carotene and protein conbentse Samploesg
vere placed on the PetriesfieNaught drier ad three
Cpositions aeross the widith of the bed to glve ag

representative results as possible. The experiment was

carvoteng content were belng drieds Table 80 records

fresh grass ad one time at different dpying tehperatuves.

being fed to the Pat?ieﬂﬁeﬁaughx maching during o nopnad

carrled oul on two doys when prasges of widely differvent

81l.

i

o

y

A second portion was adeguabtely marked fovr identification
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the raﬁglts; a0 usual, the Digures fovr chemical
detemminations ave the mean of dvplicatess

From approximate caleulationsy the volume of
deying aie passing through each pound of Ffresh grass
in the Petrie-MoNaught wmachine was sboud 8050 cusis/
min. and in the laboratory dvier gbout 80-00 cuefis
1L These fimres should be ftaken more as an
indication of relative volumes pather than accurate
data for cach machincs

Considering the ever present difficalty of
adequate sampling, the figures in fable B0 are
reasonably consisbent and indicate that dyying by the
Petrle~NMeNaught machine caused an average loss of about
67 carobene compared with the fresh grass and that in
the laboratory drier the loss was about 6% The
oripginal level of cavotene in the ©reoh gress did notb
eppear Yo aflect this relationships By the methods
used the accuraey of carotene analyses is veunally’
taken in this laboratory as 3 4y {nainly due to sﬁmgling
error), hence the difference in carotens loss on the
two driers wcul@ not appear to bhe significant. It
secemed justifiable, thervefore, to use the more caplly
controlled laboratory drier in farther experiments
concerning the a¢ffecet of dyylng conditions on carotene
content .

(11)  fhe effcet of time and temperatuve of prass
drying on cavobone conbont.

1 kge of youngy Livst-year ryograss {(O-189 hich)

82.
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Table Z1e

ffect of time and tewperature of drying on carcienc conbent.

e G W'Lw}

RN B

Carotene loss by

—52&

367
367

339
359
359

366
366
g
30
376

223
283
206

223

347
D41

290

318
297
260
212
198

357
382
328
256
288
202

356
303
278
205
15

188
o 142

nit
nil

dreying (%}




pas cut, thoroughly mixed and divided into foup
portions, One portion was used lmmedistely fop
gavotene and protein anelysis and the other three

Yor drying under one set of conditions. For the next

pet of deying conditions a new sample of grass fvom bhe

same Tield was cut and ueed similerly. In this way

o sanple of fresh grass was cut morve than about hald

i hour at the most before 1t was dried, during which

Ame 1t was kept in the dark ot 2 low temperature.

The fresh grass wes deled in batehes of 120 g and ab

he end of the deying period was ground in the ahvisty

. Norrds hammer mill, collectad in & brown boitile

£ 100 to 1$$°ﬁg were used, with dwying times ranging
rom 80 mine o € hourss No attemp’ was made to vary
vhe deging alr volume, which was bebwaen 80100 cuefte/
mine/l lbe of fresh grass. The vosulbs are shown

in Table 8ls The aagét&ne value ab cach tenperature
ae plotied against %iée of drying, and fyom those

curves data was obtained for the construetion of Tige 14

i

thowing the loss of carotene in a fixed time of drying

B bempepratures between 100 and i?0°$¢ (218 and 8499‘;).

The smooth curves in Flg. 14 show, as might be
grxpectad, that lengthening the time of drying causes a
gonslderable decrcase in eavotone content in the dvied

4enss. It was previously known that st a drylng

e o)

emperature of i@ﬁaﬁq the time reguired to dry grass

qf ¥H«-88% moleture content vas B6-456 minutes,

84.

nd analysed for carvcbene within -1-2 houre. Tenperatures
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conssguently at higher tenpesntupses it can be nssuned
that alter some period of less than halfeanshour the
grasa wos ne longer losing woisture but was in fact
being subjected o dry heat. It is probable that
while grass is Losing wmolgture the tomperature of the
grass 1s semaibly less than that of the drying air bab
theveafter it will gulekly assovme thai tonperatiule,
and any heat sensitive constitucnts such as carotene
Will suffers This possibly explaeins the apparent
ingeneitiveness of carotene when the £rass vas
subjeeted to temperstures up to 150%;, for 30 mimtes.
Beyound that temperaturve, even for such a rolatively
short 1ime, the loss was over 20% of the ondginal
carotone coubent of the grasa., Similay offedls were
noticeable as the drying time was inoveased, the Loss
of carotene increasing repidly under conditions wheve
the molsture in the prass was quiekly evaporateds High
carotone losges appeaved Lo be pavallelled by high
chlorophyll losses although the latter were not

measured, the grass becoming brown in e loue. it is

of the Petri-ieNaught machine, 540°p, (17006.) the time
of 10 minutes during which the grass is subjected to
thils temperaiure would appear to be shout the maximwn
for safe dpying. This is substantiated by the eane wii
which brown geass is produced if the temperature o

bpeed of the belt are wnongiy adJusteds

oL intervest to note that at the normal dreying tenperatuye




It sbould be owphasised that the dala given in
Pables 50 and 31 were obteingd starting with fresh
groagss of SU-881 moisture contents  Any pre-drying,
aither in the £iedd or by the design of the dwyiog
maching would relduee the tine reguired fo cause
sorotene losses. Under goed conditione of dvier
management it may be sxpected theredove that a
carotene ives of feom 6 to 1@%-@f thae amwunt present
in the fresh prass will ccouds

(e) e bhe stovege of driod

A commereisl dlsadvantage of dried pracs i the

Gapatens Jopusy dupd

Llosn of caroteng during storagd. Thda ie broupht
about by almospherice oxldation and ean e congiderably
influvenced also by heat and Might; the following
oxperiments were designed to lavestisate these lactors.
(1) o sumllent on dyded prasd.
In this countyry; efter dvpying, wueh dried grass

in ground to & fine powder and stored in threcwply
brown paper bBags, a amalieor ameunt is baled «ud sbored
withoubt further protectlon from lights Pwo shopt
expeviments weve earyied oub 4o diseover the poselble
extent of cavotenc loss under %Qﬁh these conditions.
In the first, dvicd grace-monl in 0.8 g lotn
was spread in a thin layer between two oimoular glaoss
plates, 6.5 cm. dianeter, awnd covered with one, two
and theee thicknesses of the smne brown paper ag used
commeralally. The plates were prossed bightly

together to exelude ae mueh aly oo possible and

86.
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Table 25.

The proteetive pover of brown paper in direct sunlight.

Hours | Cerotene content (mg./koe 0y weight)
exposed 1 ply 2 ply % 3 ply Control
0 542 sag | 543 542
12 556 - ' - -
24 505 - % - 538
55 266 529 - 533
155 255 847 208 | 304
202 297 207 t 267 268
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beund together an the edes, with pla&ﬁ&gaﬁm o excelude
motature and aivs. Tﬁey were then placed outaide

ox an open oite ﬁnﬁ exposad to dirsct sunlight*

for varying pericds of tinee It was reslised that
whataver the effett of the sunlight, in the warm
weather provailing there would be a coptain smound of
oxidatlve change of carotene from the gir neeessovily
preasent bebween the glass plabess As o measuve of
this, control plates covered with soveral thlekngsses
of bleck photographic wrapping paper was exposed

at the same tlmes DTable 88 gives the results of the

axperiinent .

CIn Pge 18 the lose of cavobeng has been
plotied a3 o pereentage oL the swount remining in
the control sarmles It will be seen that onily the
thrae thicknessey of brown paper affoeded completes
provectlon against the photuochomicsl broakdown of
carotons. It may be said thet the use of o gloss
covar nplake over the poper exoluded aume part of the
golay spectdun whtlch might heve produeesd furthop
cavobene less and this cannot yob be refudeds It has
been nobiced, however, that the dvied pross in
tranvparent glass bottles vhich have boen emposed to
sundilght through a glass window is gulekly bleached
of all pigmentation po that the retesatlon of carctene

by the samples ves wdoubtedly due chilefly to the

& . . AT 4 .
aexceptlonal Aungust 194% weathor provided adequate
BUnshine .

88.




89,

Ihe penetration of dried grass by sunllphi.
Pime in carotena (np./Kie G0V Wi. )
sunshine i Layer
(howrs)! Top | 2nd | Bed | 4th | 5th |6th | Control
14 301 | 312 | 317 331 | 331 | 384 340
20 272 276 3156 316 319 328 308
BH 1858 2483 284 Lk B24 320 319
1265 164 | 246 | 275 | B304 (322 | 826 321
! i




20.

paper covers. Hauge ¥ Altkefhead (24) and Guilbort (20)

have each coneluded that ultravioled Mght plays 1ittle
part in the destruction of eéarotene. In the second
of these two experiments on the effeet of light, the
degree of panngatimn,af sunlight thmugh dried pgrass
wag investlgated by prepering nests of seven eireular
ploss plates,; sueh as used previouslys A thin layep
of dwled grass meal sufficient Just to cover the aven
complotely was placed betweon each pailr of plates,
The soven plaies were pressed tightly together; bLound

round the edges with plasticene and exposed to sunllsht

a8 before. Contyrol plates similarly treated and wrapped

in opague black paper were exponsed et the same times
At intervals o nest of plebes was removed and the
carotene content of the drled grass in cach layew
determineds The vesulis ave given in Teble 20.

Hach layer was spproximately O«8 wmne thick so that
after 180 hours of direct swumer sunshine the earotens
content of grass only tov a depth of approximately
one millimeter hed been alfected and that only to an
extent of G

Trom these two experdments it would appesr that
browsn paper bogs of triple thickness will sdeguately
prevent coarotene losses due to Lipght and that where
dried grass is baled without grinding, a thin suﬁﬁace
layer is likely to lose conslderable ¢avolene but the
majore bulk of the meterial showld suiffer 1ittle

danmage from thls sourcc.




Table 24

Tnitial data of baled deled pruSts

? ; T

{ ; 3
Bale Nos (k5] /S R 5 T X % 28

‘i H

i i
(35) moisture| B0 Q6 % 8e0 | 1046 ;. BeB

s

(s0) erude % i 5 §
protein |10+8 | 1049 | 1045 © 100 | 846

| L

carobene 1 i % % ?

(g /g, \ i % | |
ary wt.) (111 | 128 (112 | 123 L 93




An opportunity to follow carobene changes in
baled dried pgrass ogeurred daring the course of this
work, but unfortunately not under conditions which
would allow the additional elfect of exposure to light
to be isolated from ozidative lossess  The gonss
had been wilted in the Fleld for & hours prior to
arylng on o Petrie-~llelaught band Arier. It was
stacked, left in the open overnipght and baled the
next day; treatment which had caused an appreciable
and mon-uniform rise in the moisture contents The
balon, measuring &' x 2% % 1% welghed approximately
100-~110 1bas end veried in denslty fvom a tighly packed
mass along the "bottom™ to loosely held grass along
each silde. To allow to some extent, Lor nouw
undformity of material, each bale was immediately
sempled at 10-10 polnts over its surface (ueing a wide
corlk borer), the samples bulked, ground and
deteminations of molature, curotens ond orude @vatein
mades The corvesponding data for the stored bales
were then compared wiith these Ligures ratheyr than
with an inttiel averapge of all the beles., Table 24
shows thaet the wariation between bales was not more
than wight be expected in differant samples Lrom &
field of grass;  the higher molsgture conbtent of some
night have been caused becsuse they contained wmovre
prass fyom the ocutside of the stack of bhaloss

The hales were shacked in a Dubeh bapn with the
Thottomgs" of 81l the bales srolested Lfrom the Lighd

02,




by the mannér‘ﬁf‘ataeking, but witﬁf&iﬂes‘amﬁ ends of
somes exﬁwé@a and, in the case of the top bales, the
top surfaces alsos One bale was taken from the
stack at fmrtnigﬁﬁly intervals, a sanple pleked Lrom
émeh surface which had been exposed ﬁé 1light and the
bale then openeds A gection, about § inches thiek
was 1lifted in one p&eeé from about the middle of the
bale and cight samplos taken at points indicated in

the dliagrames

Top Surfuce
a2? Lo‘qey"
" ‘/?" L" il
1] 1"1{." 17
LI A

Bottom y,-20,
» hee"
Bottom Laser.
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in peneral, the colour disappeared vomarlkahly
guickly from the surfades agposed to the Lightiy alter
only two veeks sone of the surfage grass was almost
bleached of groen colours The somples desisnated
UPap surface!’ in Pable 725 wewre from sweh graes, taken
to indicelte the madimun lose of coloury the sanple
Map layert dncluded some of the top suriace bub
exbendaed to o depth of ebeut 4%, se thet the effcet of
the bleached top layer was not predominant. The
carptene contents in Pable 86 have beon expressed
not in guantitative teprms but as a percentage relative
to the earptone content of the bale vien £ivst foemeds
It has alveady boen shown that, in agyeoment with
other workers, a hlgh correlatlon between cavotene
and protein exists in Presh grass end although this
relationship nay be affeetod by wilbing and dreying,
ﬁruﬁ@im content can gtill be a aseful eomparative
guldo.  Hence probein values ave glven Yor cach
sample taken from the stored bales. The average of
the values fLor all layers except the top surface s
includod and elthough this is cewbalnly not 8 velghted
meany it probably summarises gulte well the gennral
trend.

The great offect of exposure to 1lpght on cavolene
is shown in the top surface swnples and to a lessew
oxbent in the top " layers The bothbom layers were
vivtually protected from light and any cavotene change

in them cuan be ascribed slmost entirely bo oxidetive




changt It bhas beon sugpesbted above that onge the
thin covering layer of a bale s Dicachaed the
penetrative effoot of sunlight on cerotene should be
negligible, yoet ag Teble B6 shows, in all bales there
ie a stoady deorvease of carceltene from botiom to H0p.
The apparent eontradicdilon is probebly explained by
the vaeying denudty in the bale, which I pgroatest ad
the bottom and Least ab the top and sides. Passing
from the bottom bo the top surdace of the bale the
anount of available oxypoen inereasas, and over ahoed
periods of storage, will th&dt sereainly affeet the
rate of carcbtens oxidsbtiona

The moisture contont had ineressed appreciably
in 10 weeks (Meay~Augnst) and woy be expected to rise
fupther in the winber months. The prodelin conbenty
off the variocus layers in different baies ave
remarkably unlforms %t Lo too early to say whethop

the ellght increase with storage tiwe i roal oy

sceidentals Loss of dry mobtter in stored Pecdinpgstulls

has been reported by Snow & Weight (47), onusing &n
opparent rise in the poercentage of the non-deccomposing
constituents and this mey bYe monifoested more olehrly
when the bales have beon otored for a loanger times

(11) ilaello oxyren on

In the conbyol samples mentloned already
conaiderable loss of cavobeny ocourred which conld

only be aseribed to oxldation by the aly surrounding

96.
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Loss IN CAROTENE
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EFFECT OF AvAilL/xauE OAYQEN ON

CAROTENE CONTENT OF QRIED SRASS
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the partlceles of dried grass and in the Btored bales
aore caretene was lost in the looser, top layers., In

ordeyr to lovestigate vwhether oxypen avallability was

W

a majeor factor in the emount of carotene losd, & nunbel
of 18 oz. cang were £illed with different welpghts of
dricd grass, cléa@&~aﬁﬁ gltored at 3ﬁgﬂw The cang
contrined 19, 88, 7 and .86 g of gress (giving
approxzimately %,%@% and completely £4lled cans)
and were analysed at intervals for compesition of the
headapnee air and for caroteons content of the dricd
grasos. Yo ensure adequate penetration of the powder
by the alr the cans were shaken vigorously by hand
and returned to the ineubator ivn a reversed position
every two days. Pigures 16 and 1Y show the resultba
up to the end of 96 weoks atorapcs

Table 86 glves the results obtained over a period
of nine monthss PFigs 16 shows graphically the loss
of carvotene over this periods Tho loss was rapid
for the flpst nine to ten weeks in all cans, with the
guarter filled series losing most, the fully {1lled
eanyg least and the half and three~quarter £illed
cans proportionallys The data for gas composition in
Téﬂle 26 iIndicates only partly vhat was occurying,
since the amount of alw in the four series of cans atb
the comnoncenient of the experiment was Ailfferent in
sach series. In order fto know the true volune of
alr it was necossary o measure the density of the
grass at ga°ei Normal liguids uwsed In pyhnonetny

eaniot be uveed because of thelr tendensy to extract
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pome congtlituent from the grass,  Afber several
t@iala &b was found that liguid ﬁﬁraffin could bhe

used without Aoy ﬁ@@@é@iﬂb&@ gxtraotion cceurplng.s

Phe donslty of this sample of grass at 86%C. was 0.480.
From & Enowledge of the totel voluwse of the closed

| eans and the percentage of ogygen in the air in the
can, the volume of oxygen at the start of the
exporimyt and at each ges analysls wes ﬁ&leﬁlaﬁmd

and hence the voluse of oxygen sbsorbed by the grasso.
Pgare 17 shows this dbporption in tems of the

volune of ozgygen aboorbed per gramme of grass duping
the period of the experiment. The oxygen avellable
to sach granme of grass at the stert of the experiment
in the four series of cans was, quartev=filled 5.8 ml.,
half«filled, 18 mls, threowguarter f1lled, 1l nls and
fully £illed 0«8 ml. These gurves show that slthough
the ghsorption of okypen by the grass is not direetly
proportional to the volume inltially available it is
neverthoeless considerably infiunenced by it, oo that

at the ond of nine wonthe the peresntage of carobtene
lost covresponding to these voluwmes of inltielly
avallable oxygen ars 80, 7By 7O and 61F respoctively.
At all tines during the experdiment the small amount

of grass in the cuarter-~filled can was sbsorbing

more oxygen Lrom the alr within the can than in any
of the other Serdoss Considering Iiges 16 and 17 the
simileeily in shape s styiling and 1 loss of

carotone is coprolated with volune of oxypen abeorbded
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by one granme éf gragg, taking half a doZen points
from the curves relating bo cach of the Louwr Lillings,
1t wae seen thet a straight line passing through the
orlgin could be dravn asbouwt which such points are
falrly evenly distributed. Carotens is only one
constituent of dried gress which is likely to absorb
oxygen under the condltions of thoe experiment and it id
therefore somewhat surppising to find suveh close
eorrelation, Unless some phyalologleal detalls of
the placement of the chromoplasts renders some of
thom less avallable o oxidative attack than othors

it is Qifficult to account Fov the relatively lavge
amounts of carctene still unattacked efter nine months
storage at 865%. 4in &ll but the fully Filled cons.

If the loss of cavotene is considered in relation to
the oxygen initiaelly avallabls 14 becomes apparent
that even gmall guantitioes of alr in a container
will, in five to nine months at normal temnervatures
causo appreciable lossess From Plg. 10 it can be
seon that at 25%., 10% carotene will be lout in 10
‘t@ 1eowseks 1L Q«d mls oxypon is avallable per pgramne
of prags, lees in terms of & ean* filled by 40 g
grass, about 3% oxypen. This suggested that it would
be interosting to reduce the oxypen contant of the
aly eurrounding geass meal tothis exbtent and

investigate the cavoteng losses yesulling dueding slorap

100.
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The inercags in garbvon dloxide concentyatlion will be

discussed later (pe104).

{11d) Ehe
3

The techunlgue wsed in ges packing full-grotn
milk powder, deseribed by Lea, Moren & Smith (51)
woe ugads  Open bop 6 05 ercam cans filled with
driad press powder were clesed with the ususl double
seanlng machine el & small hole pleyced in ond onds
The ehne were placed in a cobinet wnd ovecwated as
GOY Hgh for & minuwtes. The veouwwn wos then ¥eleasad
with pitrogen o a positive prosvure of 4 Lhefoysin.
and the cyele repeated once nowe. The bWrogue holes
were then gulckly soldored eand the cans storeds
In this vway the oxypen content was vedueed to aboub
4%« It was decided to lawentigate at the pame dilme
the effeet of tempepature on carotene logs and csns
wore stored at 0, 80, &7 and 56°% . Ccons vhich hed
not reeelved the gan paeking treatment were sitored
Top comparlson at the ssme times  Cane were removed
gt fortnlghtly intervale fopr the Dirst foupr months
and therepfter atlongerintervals; for snplysis of the

gas eompesition within the ecan and for eavotens cohbont

of the deled grasg, Yable &7 recwrds these values;
Plgs. 10 and 80 show a comparison of eavoiene losses
and oxygen absoprpilion respectively in the nitrogen
and alp paeked cang,

The preservabtive effect of the lnért gas on the

Ln earobene logses

102.
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carofene lo very maried at all temperatures bul
perticulavly so at the highost, 58%.  The carotene
content of grass in the nitrogon packed cans ot O,
20, and 87°C. after slight initial losses during the
fivet three wmonths remained approciably eonstant
between 9005, which is dbout the loss oxpected
Lrom conslderation of the initial availeble oxygene
Within the renge 0-37%C. temperature had little
effeat; at 56°0. the carotens loss in the gas pachked
cans was negliglbley a surpprising feet more cnuily
explicable considering the data for the same gerles
packed in aly.

The data relating to the aly packed cans have
saveral intervesting features. The carptens losses
of prass meal stoved at 0 and 2090, alovly increased
with lengthendng storage time. AL ‘both &7 and 5800;
the losses were very »apld initiaslly, particularly
in the cans at 5898., where L7% cerotene ha& been lout
in ten hours. AL both these higher temperatures, hower
when 40-48% cmaéz:tena had disappeared no furtherp
oxidation ccecurred, even aiter a furthern 28.weeks
stoyrages If the deata relating to carbon dioxide
férmaticn 1s now considered it will be apparent that
only at &7 end 58°C¢. were npprecisble amounts generated
Moreover, at the time when the carotene losses in the
prass at these two Yempératures wers fimly settled
at 40 (18-14 weelks at 377, 2 weoke aﬁ‘ﬁﬂaa.) the

carbon dioxide content in both series had risen to

105.
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ahout 8. Hore important than the Lormation of
carbon dioxdde ig the full in oxygen ¢ontent which
had, been, ot these timesy reduced to sbout % at both
temperatures. This agaiﬁ confimns the results already
reported vwhich showed that if the available oxygen

Lo reduced by any means to a figure of the order of
D% mle per gramne of grass the lose of carobene will
he smal‘}.; at wmost wvot more than 104 in the aipm
bocked cang this redusilon was obtained partly at the
prpense of the carotene bubt 4o soon as it bad been
hehileved no more cavotene was oxldised. As Mitehell,
Schenk & King (86) aceidentally showed, if the
¢ontalner 1s opened from tlme to time so that the
carbon dloxide “is lost andl frechelr introduced, the
cavotene losses ore progrescive. This explalns why
the wide pange ol storape temperatures in the gase-
packed series had little effect, bocause aflfter a

#@ry short time the avallable oxypen-had fallen

below 0.1 wly/gs and in the absence of sufficient

ry

It may be appositc at this point to return
briefly tu the seyies ol cans of gramé containing
different amounts of aiv. From Table 86 it will be
geen that only in the fully £illed cans had formation
g€ earbon dioxide wisen high enough to lower the
dvallable oxygen content to this (arbitrarily chosen)

Plgove of 0.1 mls/ g grags, consequently at the end of

bt

ine monthe the carotene losses were still rlsings

yxypen the carotane was stable over the parige O = 58°¢C.

104,
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It in inteveating to speculate vn the courss of
the chenlend changes which pepunlld in the gas compositigneg
recorded. Stavting from the assumpition that an ond
produet of Peasvotene oxidetion Is PBwlonone and that
all the romgining csphbon alome waliimately form
earbon dioxide ao in the Lollowing systenmie

% molecule

e 0 G = OH m GHO B= GHCH = 0HMG © = OHACH 4
Mgt 4 el i
B B v eieann’
3’3 1' i smlwmle oH '6 (‘H&
: CHg
4 QHOH = CHeG © u GHOH = uﬁ.t B OH 63
‘. | s:szv'aw@
a; o
Hy oH
8 5
\ﬁ?}/ Oy
He O Gw» CH=CHL~0 =0 + {’ﬁwtﬁm
Ho O=CHg
ﬁﬁiﬁ %

1@ {}a;‘g 4 :ai}

it can be caleulated that 1 mge. carctope thus axidised
vequires 0«79 mls @%3 and liberates QB8 mle €O, (MaTelh )

B
M
E 3

If any of the datn congerning oxygen absorption is

considered it can be shown that in no gase doon the
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oxygen taken up by the smrotone deavunt on this basip

for more than about 80% of the total réemoved from

of carotene oxidation is vaﬁéXy diffedent Loom thab
suggested, as well Lt may be, it doos not appeayr likely
along to accound for all the oxygen absorved and some
of 3t will be feken up By the highly unsaturated fatty
ncldes of the lipins present (48; in the grasss  Untild .
there 45 more knowledpe of the broakdown prodacts

of carobene further swpeculanticon is probably waprofitabld

(iv) Rate of eooling of besped or
agifget on darotene content,

It was noticed that during a day's drying in
Whieh £ifty to sixty 56 1b. bags may be stacked togetbes
in an enclosad placae, the rate at vhich some of the
nore centrally placed bags cooled won vory slov,

Jeing a thermlonde resistance=type of tenmperaiure
neasuring instrunent, the tuuperaeture of the graus
]lnsid.a three bage in a stack of 20 bapss areapged four
doep in a single row.of ,,'g?;w@, woe measured.  The bhaps
in which {the temperaburo was recorded vere at the top,
pottom and middle of the stacks Tho top dbag hed one
$ide eooled by the air, the boitom bag hed one side
gooled by a concrete floor while the cenire bag wes
gurrounded on all sides except at the wmouth. Mawre 83
16 o record of the rate of cooling and Table £8 showe

thae carotong content of the grass al the centre of the-

o

hree Dags at the time when the temperature within the

the aly in the carn #yen 10 the course of the repction

106.
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Table 28

Bffect of cooling rate on cavotene content,

— i
{ Positien | Max. 'bempegaﬁure Days to reach Garotene Content
_ of bag . _ reeovded (CGa) ailr beunperature (mze /Kge dAry . )
| Bottom ! - - 8 226

v ‘ i .
i Middle | $0 9 : B30
i ! é ;
. Top | 1. . 3 289
,‘ |
; y ! H




bag had resched that of thé ol in the stopst. Within
the eceuracy of the determinatbion there was no
appreciable difference in the cavetene contents of the
prass in the throe bags at the start of the experiment
end, as can be sesn from the table, the centre bag
had not suffered from bYelng held fopr bwo days above
20%C,

The dato presented in Part 4 deal with provlems
ariging from the preparation af dried grass, its
storage and preservations

Partial deying in the £ield; or wilting, bhas an
edonomic significantebut in unfortunately assoeinted
with high losses in carotene snd these, as might be
expeoteds are greater in warn sundy weathers  From
the results of the wilting trdals 11t is supgestod theb
field wilting for more than 1-8 hours caunses too great
a loss of eavetens if o dvied grass high in this
constituent ig desived.

Phe logses In carctene in Troahly eul grasy age

partly due to enpyunes present in the plant tilssues, a

theory fivet proposed by Heuge ond Althkonhead (24)

and later confirmed by Heuge (28) and Guilbext (20).
wengh (B4), bhowever, suggested that in sadition to
enzymatic systems prosent somemwn-onsynatic destrueblor
aleo ocoeurs,  Mitehell and Houge (8%) showed that

the cavotene destroying system in alfalfa wes a

108,
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lipoxidese, and thet the engyme could be inaetivated
by bheat. The depree of insctivetion was shown to be
é funetion of tlwme and temporature, complete
destruction being effected between 90 end 100%C.
within ten secondss It can be seen from the results
presgnted here that prolonged Lield dyying, even
under unfavourable weathey conditions, may destroy
as much as 60% of the cavotene with correspondingly
greater losses under brighter conditions. These
observations are in agresment with those of Gresnbili(d
and Fagan and Ashton (18).

Russell (458) Pound that aptificially drvied
alfalfa in addition to retaining its colour, contalned
seven times as much vitamin A as the leaves from

hay naturally dried, In the present work Algestibilit
trinle have not been esrried outy, but 1t is of interest
to gquote the dmportant results of Wabson and Ferguson
(B9)s “hese authors found that the digestipility
and feeding vélu@ of artificially dricd gress was of
g high owder and compared well with that of fresh
grass but that too bigh a temperature of drylng
reduced the digestibility of {the £inasl produvot.

In the present trials comparing & commereial and
laboratory drier very 1%%%3@ difference in the carotene
values of the dried grass was founds The sl;ghﬁiy
higher loss in the grass dried in the laharatéwy

mey have been due to the lavger volume of aly passing

through 1t but the results in geveral, agresg well with

109.

8)

s




those found by Watson (86). Whilst the plant
material is losing moisture it ls likely that the
garobene losses will be very low because the evaporatid
of water prevenis the cell strueture of the grass from
-raaﬁhing the temperature of the drying alrs but
if the prass remalns in the drier for any length
of time when dry, s rapid loss of green colouy ensues
and the carvotene is almost entlirely loste

The three-ply brown paper baps used commereially
for dried grass have been shown Lo be capable of
preventing any loss of cavoiene due to light although
no doubt other light-tight matarial ﬁauiﬁ e equally
suitable. KXon and Thompson (&0) have shown that there
wag no difference in carotene losses when either
paper or jJute baps were wseds In the present work
even when the dreled grass elther in the form of powder
oF bales was unprotected from sunlight, only o thin
surface layer was blesched. It is of interest in
this conneetion, that the effect of ultra violet
light on the carotene in dried grase has been shown
to be nepligible by both Hauge end Attkenhead (84),
and Guilbert (20), Nevertheless even after ten
weeks, at normal tenperatures considerable losses of
earotene in the baled grass hed occurred, psriicularly
in the looser parts of the bales, whieh ean only ‘he the
result of atmospherie oxidetion. These resulls are
supported by Watsen's (87) observationy that storage

under pressure reduced the carotehe losses in dpied

110
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grasc. Kane and Shinn (29) found losses to the
extent of B6~40% duping sumaey wonths and Smith (48)
reported that baled lucerne hay lost BOW of ite witamin
A potency during storage from August to Novenmber,
vhereoas during the winter months negliglble amounts
were losts Wiseman, Kane aul Cavy (68) ealcéulated
that 8.8 per month was lost during sunmer months,

at mean Geily tenperatures of YOUF. from baled
alfalfa. Guilbert (20) stated that temperature was
the most important fastor in carctene loss from dried
forape and that storage at 0% pravented the 10884
wall & Kelly (68) dealing with alfalfa meal and
carotene extracts found over the temperature range

of 006, to 87%0. maximum losses ab 57.5° and minimum
losses at 5%. Dutton {10) dealing with dohydpated
carrots stored at 98° and 120°F. in 00, found neglipibl
losses in carotene and supgested that partlal
destruetion of cavotens at elevated tomperatures
ereated conditions unfavourable to further oxidations
Helverson enil Hart (823), however, are of the opinion
that the chief factor in the preservation of carobene .
in dried grass is a restoration of mors rapld
respiratory engyme sction, with utilisation of oxygen

and formation of (0ge  They also stated that more

d@atruetian of the carotene oxidising snzyme 1iﬁ&§i&asa

would not lead to carotéens presefvation unless oxygen
was excluded, This seems the mors likely explanation,

and it has bhesht found in the present work that

111 a
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inereased availability‘bf oxyson materlally aselsts
the ﬁﬁ&t?ﬁﬂﬁiﬂﬁ‘ﬁf carotene in gtored dried grass
although the consumpition of oxygen was nolt directly
proportional elither to caprciene loss oy oxygsen
avallabilitys | Hoffmen (28) found that in cans of
elfalfa containing aiv, &% of the carotene was lost ix
112 deays, whilet meal stored in atmospheres containing
D479 pitrogen and H.3% oxygen, and DG nltrogen
and Q«35% oxypgen over the seamoe period only 9 and Osdi
carotene were logt, He aleo found that carbon
dioxidae prevented cayotene lose aund that the permissibl
oxygen gontent of the storage atmosphere at the start
of the storage period shounld be aboub B%. The present
work confimms these results but would fix the lower
limit of oxygen content at 01 mh/g. of dried grasay
Any process which mateprlally reduces the oxygen
content of the container will msolst: in eavotene
preservations

Paylor & Rusaell (49) found that little loss

oceunrred in alfalis meal kept at low tomperatures

and pressures whereas storage in the dark at normal

L BIRESTING EAFAN

tomperature and gﬁaﬁsur@ resulted in high lossog.

In goncelusion it may be stated that, sithough
comnercially dilffieuwlt to apply, storage conditions
Por dried grass in which a high eavotene content is
desired should be ag neaw Qaﬂn oo pessible, with some
provision made for reducing the available oxygen, eithg
by compression oy gas poacking, and shonld offer

reasonable protestion from lights

11lz.
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UNGEUSTONG,

From the foregoing sectien it would eppear that
the Following cenelusions may be droawie
(1) Pield wilting wnder conditions Pavourable to
loos of welsture will eause greal loss of éarotens,
particularly when the molsture is lost malnly as &
roesult of het gunny weakber pather than wind.
(2) Grase dried uader corvect working conditions on
a moving belt type of commercial mechine should contain
not less than 90% of the empotene content of the Ffresh
Freatztzic i
(2) Inersaping the length of drying %ime above thirty
minubes ab teuperatures velow 150°%. or above LO-1H
minubes at 165 » 170%. wiil esuse conelderable iloes
of caroteney as muceh as I6% being lost after 485
minutes at 168%,
{4} Triple~ply brown paper bags should prevent any
logs of carotens by photoghemieal anetion. In baled
dried gross only o thin suwefats layer is likely %o
lose ¢arotoene besause of exposure to sunlight,
although aly oxldation wlll cause progrsspive losses
as storags time increasess '
(8) In sny closed conbalner, 1P lecs than 0.1 wmi. of
oxygen ped gramme of dpled grass Lo availabloe,; there
will be o mppreciable loss of carotene; above
0«1 mie/g. the losses will insrease with oxygen
avallability. This wiZl be rapld during the first

theee months at normal temperstures and may




ultimately emount to 808 of the original darobens
contenis |

(6) Reductiocn of the oxygen cantent of « dpied
grass container below O+l nl/gs Will proserve the
carctene ¢ontent indefinitelys

(7) uigh storape ﬁamyaﬁaﬁﬁﬁaa will, in the absonce
of en Inert: atmosphere, lsad to inereased loss of

ecarotene
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