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depends on an optimurn relationship between viscosity and etas-
ticity modulus, and the latter, although not yet fuuy irnderstood,
is related to the way in which viscosity varies witL stress. The
bearhg of- these prop€rties on bread ma.king quality is being
investigated. Doughs which tear easily, and consequently givi
bread with ragged crust and bad texture, are said to 

-be ,. ihoin.,,
This- property of " shortness," and the relationships between the
breaking and the flowing of plastic materials, are being studied.
Brittleness, which is disadvantageous in the flourdough, is benelicial
in the soil crumb, and the methods developed for th1 studv of the
dough are now being modified for apptication to the soil. Ti.re same
principles a,re leing appiied at the National Dairy Institute for
measuring the elastic and plastic properties of cheesis.

Flour doughs show a definite structure which is broken down on
kneading, and re-establisbes itself on standine. This prooertv is
fairly common and is called " thixotrop.v " lsei atso p.'Oe1i

THE BIOCHEIIIISTRY SECTION T9$.I935

A. G. NoRlr.{\

The work of this section consists in a study of the composition
and decomposition of plant constituents, particujar attention beine
given for the present to the carbohl'drates.

METHoDS oF ANAL]-sts oF Pr-ANTS

The conventional methods of analysis oI agricultural materials
Bive a ve,ry imperfect picture of the composition of a plant, being
restricted usually to such determinationi as ash, tot;[ nitroaen:
(calculated as crude protein), ether-soluble material, and crirde
fibre, the difference of the sum of these Irom 100 being regarded as
" soluble carbohydrates." Before any extended studi of the
composition of crops couJd b€ attempted, a more det;iled and
searchhg system of ana\zses had to be found to cover the carbo-
hydrate constituents. This involved partictr.larly the testins oI
methods for the determination of those siructural constituents uiich
are most inadequately represented by the crude fibre figures. The
main,structual constituents, cellulose, lignin and hernicelluloses,
together account for the maior part of any mature tissue. Edsting
methods have not been found ro be generally applicable withoui
modification.

l. Cel,lalase. The cellulosic framework oI plant tissues is deter-
mined after removal of a"ll other constituenis. In fact, however,
lig'rrin is the most dificult component to remove. The Cross and
Beval procedure of altemate exposure to gaseous chlorine and
extraction with boiling sodium suiphite is the basis of nearlv all
metlods, the lignia thereby passing into solution as sulplionic
derivatives. The conditions under which the chlorination mav be
carried out in dilute hy,pocl orite solution, have been ex.*i,ea.
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and a more rapid and convenient method developed 1i;. T}e cellulose
of Dlants and wood dilfers from that oI the cotton hair in that it is
noi solely composed of glucose units, but contairs also loly-
saccharid"es of btber sugis, very intimately associated. -These

rnh saccharides. which have been termed " cellulosans "(3) are

inoie susceptible to hydrolytic agenls, and more soluble in--alkalis,
than the true celtulose poriion of the aggregate, so that all trea-l-

ments other lhan with'neutral solutions must be avoided if the
integrity of the natural cellulose is to be presewed. The aelhod
devised-is also suitable lor making large-scale preParations of Plant
celluloses which was not possible previousll. In mosl cases the
associated ceUulosan is rlrtan, rvhiih may 6e determined by the
yield of furfuraldehl'de lrom the isolated cellulose.

2. Lignit. Thebasi.s o{ the determination o{ lignin is ttre resistance
oI this "substance to slrong acids, in which iellulose and other
carbohydrates pass into soiution, subsequently to be hyd-rolysed
Exisling methofs, devised mainly for woods, have been shown lo
be inacc"urate and quite inapplicable to agricultural materials, which
unlile woods are often high in nitrogen. Twomajorand inleracting-
souces of error have been showa to exist, due to the presence ol
pentoses and proteins. Pentoses or pentosans on .ontact wilh strong
icids slowly give furfuraldehyde which in the absence of lignin
condenses to to.m a black insoluble residue weighed as lignin(s) or
in the presence of lierrin unites with it to give a stable lignefurfuran
resin, ihereby increa'ing the apparent lignin conlent. This disturb-
ance may be minimised by shortening the period oI contact with
the strong acid, or by a hydroll'tic pre-treatment (a). The- error
introduced by the presence of protein is at present more obscure
and has not been wholly overcome. Proteins themselves or protein
degradation products give no residue on treatment with strong- acid
bui if added to a ligEified material hcrease the apparent liSnin
content(5). Small quantities of Proteil cause a greater di-sturbance
proportionately than do large. amounts, the error being due to the
iinliage with iignin of protein fission products of varying. size.
Acid pre-treatment resulG in a substantial reduction of the inter-
ferenci in most cases, which ca-nnot be allowed Ior by calculating
the nitrogen content of the lignil residue as protein arrd deducting.
Because of these sources of error in the liSnin determination the
figures generally quoted for the lignin content of plant materials are
in most cases too high.

3. Hemicelluloses. A satisfactorl'melhod for the routinc deler-
mination of hemicelluloses has not t-et been devised. Er.-traction
methods that hare been proposed are incapable of distinguishing
bet$'een the true encrustlng pol1'uronide hemicelluloses, artd the
cellulosan Iraction of the cellulose, v'hich has very similar properties.

I'llL ,\"-." -d S. H. l.okin.- A Ncs ll.thql lor tbP
b.s;'u;n Ob*watioos on tbe -R€moral oI Lignin ard othd En rutlng Matenab."Bieh€o'
lnnm le33 \'.1 XX\'U. DD.818-83I.
" Iti r- F Hael€v ana -il C. tttomao " Ihe Dlierentiation of Hemicdtn(B." Iod. ad
r"; ah.m 1e3, v;r- xxlv- oD.1190-rrs5.- "(3t A. c. No@atr &d s. H.'jcnkx6-" uslin Cantent ol cellulose Producls." Nat@' 1e33'
lol. (xxXI, p. 729.

ili,c c rilom,n ana S. H. lenkitu _ Thc D.temiDarioD ol Lianrn, L EnoE intrcdu.ed
b. ih; Pr*.e of Grrarn (r.bob-vdrr,x. ' Bb bcE. Jom.. l93l. Vol. XXVll l' pp.2147 ,159-'i;i a-c N.-,"-ds.B. l;nkrns- "Ib" D,lcm'oaliotr of Lig o, Il. Edoa Inlrodued
hL ihe Prence oI Proteioc. Birbcm. Ioum., 1931, \'ol. XX\,ITI, pp. 2160_216[
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For the present and for comparative purposes, reliance is placed
upon the yield of furfuraldehyde from the pentose and uronic acid
groupings as a measure of the amount of encrusting hemicelluloses,
this figure being arived at by the diflerence betwe€n the total
Iurfuraldehyde leld and that Irom the cellulosan groups in the
cellulose.

Tbe analyses mentioned above ta-ken together provide a fuJl
picture of the structuml constituents o{ any plant materiai arld
permit a detailed examination o{ the " crude fibre " determina-
tion, so much employed in agrigultural analysis; by their aid it
has been possible to show what exactly this Iraction represents(.).
The crude Iibre figure may be very misleading since no constant or
definite proportions of the structural constituents are included. The
cellulose is partially attacked so that onli/ 60 to 80 p€r cent. remains,
and the lignin extensively removed by the acid and alkaline treat-
ments given. trluch variation may be found in the lignin content of
crude Iibre fractions, Since the presence oI lignir exercises a direct
effect on the digestibility of the material, any empirical method
should include all the liglin. For certain purposes a simple acid
hydroli,sis would supply more reliable information than the crude
fibre determination.

TEE CouPosrrroN oF CRoPS

Suitable methods having been devised a study of the composition
of certain crop materials \*'as commenced along the lines of a
preliminary investigation carried out in 1930 on barley(7). Samples
are cut at frequent intervals during groMh so that the development-
al changes may be followed. So far the investigations have been
confined to winter wheat, and rye grass (Westem wolths). The
latter revealed several interesting features rvhich are to be the
subject of future examination. A high Percentage of cold water-
soluble material was found in this 8rass, at one stage nearly 55 per
cent., and at maturity almost 40 per cent., the bulk of which is
accounted for by a fructosan, or levan. At one stage the fructosan
content was found to be 35 per cent. but as the grass approached
maturitv the amount oI this constituent fell sharply while at the
same tiile the cellulose increased. Neither the protain nor the lignin
contents changed as widely asexpected, and it is clearthat a relative-
ly small change in the amount o[ lignin present is responsible
for the considerable decrease in digestibility that accomPanies
maturity. On drying for hay in the usual manner, the losses appeared
to be o{ the order of l0 to 15 per cent., much o{ which could be
accounted for by the disappearance of fructosan. Preparations of
this fructosan have been fouad to be more susceptible to acid
hydrolysis than any other polysaccharide, being completely broken
d6nn to fructose by heating with oxalic acid as dilute as 0.05 Per

(a) A. c. N@-" Tt Co6pcidon ot Code FibE." Jo@. Asric Sci., ro!i, vol xxlv
pp. !t&t10.

r?) a_ G. liollrE-..^ Pftlimi@lv Inv6tisrti@ ot th. D.reloptutrt of stretual co!.
sritiriirts io ue Autcy PIdt." Jouft. ASd. S.i., lels' Vol. XXIII, PP. ll6'tr7.

D
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cent. for one hour. Fructosans have also been found in wheat,
though ,not to such an extent; apparently they have an im-
portant rOle in the metabolism of the Gramineae as a temporary
carbohydrate reserve.

THx PLANT Crrr-rverr
Accompanying these applied studies of plant composition,

some more fundamental work on the nature and inter-relationship
of the cell-wall constituents has been undertaken, mainly on cereal
straws and fibre plants.

l. Cdlulose. It has been stated before that most plant celluloses
are very different from cotton cellulose in that the_v are aggregates
of pure cellulose and an associated polysaccharide or cellulosan,
which is often xylan. Many plant celluloses have been isolated and
their properties and stability studied vrith a vie\y to obtaining
information as to the method of association of the cellulosan, and
its influence on the proprties of the whole. The results are not
inconsistent with the view that the cellulosan molecules, though
much shorter in length, are oriented like the long cellulose chains
ard participate in the micellae, being retained by the same type of
secondary valency forces. Heat drying liberates a water-soluble
fraction, mainly of cellulosan, from a natural cellulose previously
unaffected by water, and this phenomenon may be repeated many
times. Any attack on the cellulosan such as acid liydroll'sis oi
alkaline extraction is accompanied by a partial attack on the cellulose
so that no hard and fast line can be dra\rn between the two groups.
Solution and reprecipitation from a cellulose solvent, by destroying
the orientation of the molecules, renders the celluiosans easilv
soluble. To obtain additional evidence on the distribution of thl
xylan in such celluloses, experiments have been carried out on
certair vegetable fibres in conjunction with Mr. W. T. Astbury,
of the University of Leeds, using X-ray methods. The removal
oI xylau progressively from manilla hemp cellulose was accompanied
by an improvement irr the X-ray picture indicating a more perfect
crystallographical state. When freed from xylan, the diagram was
almost indistiaguishable from those of ramie and Italian hemp,
both celluloses which are naturally very low in >rylar(8). The dii-
gram {or isolated xylan has also been obtained by the preparation
of thin films. The X-ray evidence is in accord with the view that
the xylan molecules are iso-structural with those of the true cellulose
chahs.

In a study of the composition o{ vegetable fibres of many types,
it was found that these lall into two well-defined groups according
to whether the cellulose of the fibre was high or very low in
xylan. (e) The group high in xylan iacludes the coarser fibres, such
as jute, manilla hemp, and sisal, all of which contain also apprecia-
ble amourts of li6nin and encrusting substances- The iecond
group, low in xylan, includes the high-grade fibres such as flax,

{6) W. T. A.tbury, R. D. PEi@ ud A. c. Norbu-..X-R.v Et@i@!iD ot the EfiEi
of R.eoving Noo-Qllul@ Co6rir!.Dl5 lrcm V.g.t bl. FibE,'N.re, t936, Vol. CXXXVL
' (r) A. G. Notue-" T!. CoDp@irj@ oI $6c Vcx.t ble FibE, witt D&ricular El.fua
to Jut ." Bicheo. Jom., 19t6. Vol. Xxx (ia th. DtB).
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ramie and hemp. No direct relationship between rylan content and
quality_ could be fourd in a wide rarge of jute sariples.
- 2. Ligrin. Arising out of the obiervation relnrted previously

that ligniu condenses with furfuraldehyde in the presence of strong
acid, to giwe a complex of the naturd of a phenolic resin, similJr
resins with a number of other aldehydes have been prepared.
Imperial Chemical lndustries have moulded the lignin-formildebvde
resin under high pressure. Phenol may further be condensed Gtb
the lignin-aEehyde complex with a resulting modification ol
properties. Lj6nin resins with acetaldehyde oi higher aldehydes
have not yet been tested commerciallv.

ConsidLrable attention ha-s been gi"ven to the clelignification oI
plant materials by means of solvents. For many iesearch pur-
poses it would be desirable to achieve a complete rimoval of lienin
without at the same time bringing about bydrolysis or degradalion
of the carbohydrates. Solvenis such as pj.ridiie, dioxanl alcohol,
etc., have been tried, with, and without, pievious chlorination, but
so {ar only partial success has been achieved. The removal oI lignin
with alcoholic soda has been investigated since this has been pro-
gosed a9 a pretreatment to the preparation of the hemicellul6ses,
but neither cold nor hot is this ar e?fective delienifuins asent_(rol

3. H emicellaloses. The encrusting polyuronide' trei-ni"1U"t,i"o
are an important group in many agricultural materials; in straw,
for example, they form the second largest constituenl. The studv
of their composition is beset with diftiuliies, and aII preparation"s
are more or less seriously contaminated wittr lignin anit callulosan.
To 

- 
reduce the former, it has been customary-to effect a partial

deliguification with alcoholic soda, but this ha; been sholn t'o have
at the same time a serious elfect on the hemicelluloses. and oar-
ticularly on those of immature tissues.(ro) A study oI the iemovil of
li6nin and hemicelluloses from the cell-wall by iltemate chlorira-
tion and sulphite extraction has thrown some lkht on the condition
of the hemicelluloses lrr sr?n.(u) It seems lilety that there is some
form of close_ association, probably amountirg to actual chemical
combhation, between the hemicelluloses and lignin, since the fonner
cannot be extracted unless a pretreatment (such as chtorination)
is given capable of rupturing the linkage, or unless a solvent (sucli
as alkali) is used which at the same time dissolves the lignin. 

.The

classica-l conception of the existence of a " lignocellulosJ,, has had
to be abandoned in view of modern work on the structure of cellu-
lose, and it now appears that a ligtrin-hemicellu.lose complex mav
be substituted for it. Possiblt both grouls occur'in tw6
conditions, combined and free.

DECoMposrTroN oF PLaNT Merrnrers
The limitations oI the lignin determination now beiag under-

stood, it was thought worth while to take up asain the ouistion of
the biological decomposition of lignin upoir ihich subiect many

tllo) A. G. No,l!a-'The HeEiellulca.. L Al@hou. Sodi@ Hvdloide s a pEtErncnr
to rlrtnctioL" Bich@. Jom, 1915, Vol. XXIX, pp.9{5-95r.

[rr) A. G. Nolrle atrd (io pait) J. c. Shr*hao.!E-., Th. Hr@iendo3... II. Th6 AtuiarioDor HeEieuqr(x6 sirh Ligbil,' Bioch.o, Jom., r93t, Vot- XXIX, pp. ritSO-rr66.
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conflicling opinions have been expressed. Studies on the avai!
abiliti of"ligiin involve analyses irom time to time on materials
that ;rc ch;ging in composition. It is very signif,rcant that changes
are especiatl/ m-arked in those two SrouPings which contribute.so
largelv to errors in the lignin determination, for Pentoses are raPldly
ferire"nted away and proteins slmt hesised under normal conditions
of arobic decomposition. To some extent these two errors are
comlrnsatory and their effect varies widell with the natur. e of the
material and period of decomposition. Previous observations have
been re-examined in the tight bf these facts. (r2; The arobic decom-
position of lignin in straw lias been sludied and determinations made
bver a period of eighteen months by four different methods, all of
which s'hou' Iosses 6f +0-5O per ceni. of the lignin in the lirst year
and 50-60 per cent. in eighteen months. (r3) Lignin is certainly not
so resistani to biological attack as has sometimes been claimed, but
beine the most resistant plant constituent tends to accunulate. High-
lv deiomposed organic residues composed largeh'of lignir and protein
are readili' susceptible 1o oxidation, and this property is being
investisated in humic residues from various sources.

Ceriain oI the oak timbers of Rothamsted House have been very
extensively attacked by the Death-watch Beetle, and on their
replacement the oPportunity was taken of analysing samples oI
thl decomposed w66d and iomparing them with the sound wood
from the sime source. The results leave no doubt that the main
constituent removed by the larva was the cellulose, and in so far
as it was possible to form any estimate, the total loss suffered by
the wood was in the region of one I hird. (r{)

Olhzr l*uesligations. The oxidation of amino acids wilh hypo-
chlorite has been studied in detail, and the route of the reaction
and products determined. Glvcine gives rise to COr, water and
gaseous N, t hrough the intermediate formatioo oI HCN, which is

iubsequently hydlolysed to Iormic acid and ammonia, both then
being iompietely oxidised. The rate of the reaction is enormously
aI{ected by the 1H oI the mixture, being most rapid in the region
of 1H 7-9.(t) \lften extended to higher amino acids, this work.has
pr6rrided another example of the great disparity b€tween the-first
ind succeeding members in a homologous series, since the producls
and conditioniof oxidation are very different from those found for
glycine. The acids formed from the cyanide are not oxidisable, and
Irom a dibasic amino acid, a cvano-acid has been obtained and
identilied.

DESIGN OF FIELD EXPERIMENTS
The earlier work of the Statistical Department included the

desierring of field experiments so t hal a valid estimate could be made
of the mignitude ofthe errors affecting the results, and at the same
time as much as possible of the variation due to soil irregularities

(lr) A. G, Nom -" Tbe BioloSi..l D..omposilioo ot USnia." Sci. ProSE , 1036, Vol

n,i h. G. N"* r' Tb. D.compGition oI LEEio i! Pl&t )4a!qirli. Tt?E srd Idt @r.
c-; So'l S{i.. Orlord. l9!5. \'ol. lll. oD. 105_108.- r-r{l i. c.' N"*; ,'ih. Dotniciion oI od. by t!. Dcath_mtcb 84t1. " Bi6b.E.
lmin 1s16. Vol. XXX lin D!6)."- ttoi i. i. N"---'TL. Oiidatiotr ot AEiG&id5 by Hypetldit , I, Gly.ie." Bi@h.E.
JoEn.;1096, vol. xXX, pp..8r're6
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