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ABSTRACT

The p0551b111ty of producing a food-grade protein
concentrate from forest follage was investigated. Hybrid-
poplar leaves were extracted for soluble proteins. Studies
were carried cut to try to compare poplar protein with leaf
proteins from plants whieh have already been shown to yield
commercial p?otein_products. Methods Were.develeped.for
isolating poplar proteins with minimal interference from
phenolic compgunds. Polﬁvinylpyrrolidone (0.%%) and’
sulfiﬁe (1-5%).§dded'to the extractien'buffer allowed-the
cptimal recovery of crude protein concentrates-w1th minimal
color;ng. During the field studies a comparlson between-
boplar leaf protein and alfalfa, tobacco and rapeseed protein
was done.- The results show that, the amount of.protein
recovered from poplar leaf was slightly_lower than that
from alfalfa and higher than that from tobacco. Also, peplar
leaves contained higher amount of phenol compounds than those
of alfalfa, rapeseed and tobacco ieavesb‘ Greater extxgct-
ability of proteins was observed when fresh leaves were used
ﬁpr extfaction. Freezing of leaves decreased the yield of
both extractable protein and phenol. The effect of seasonal

variation on the amount of both extractable protein and phenol

iii



‘was studied to. fihdlthe times of'highest.ahd lowest concentra-i
tions during the growing’Season. It was obserﬁed that the
- highest amount of protein was :écoveréd in mid August whereas'

the lowest was by the end of September.

iv
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CHAPTER I

INTRODUCTION o S

1. General

‘World populat?on-continﬁes to increase at a rate
that will double the éopulation of the world in abéut‘ﬁo
years.‘ There is a world'ﬁide éhorfage of food energy and
protein sources (Pirie, 1970; Thomas et al., 1976).

‘The total amdunt of protein in the world at
the retail level was_estimated by the Food and Agriculture
Organizatioh (FAO)‘to be 90 million tons per year. The
Protein Advisory Group ofvthelUniteé ﬁations concluded that
the world deficit was 20 million tons even on its rather
ungenerous estimate that individual needs ranged, according
to the climate and age distribution in diffefent countries,
from 40 to 50 g a day (Pirie, 1970). 1In 1974, 460 million
people were suffering from hunger and malnourishment

{estimated by FAO). There is a general agreement that mal-

-

- nourishment, particularly protein deficiency, in infancy

restricts brain development.

A great need exists to accelerate both the production

~ ) .
“and yield of edible proteins from conventional sources, as



well'as to devglop procedures for pfoducing proteins frdm
 uhc0nven£i6nal saurces; such‘as single?cell prdtéin {e.q.
yeast, bacteria, algae and fungi),,fish protein concentrate
" and leaf‘profein.

Rapid growth rate, highlyields and the high gegreel
of control that can be imposed on growing gonditions in a
‘fermentor are attrdctiﬁe advantages when single-celi orggnisms
are.éonsidered as a source of food protein.

‘Much research effort has been aimed'toward greater
utilization oflfisﬁ species (hake, ménhaden,-etc.) not
generally cdnsumed by man directly.

The third category of unconventional protein Sources
is leéfy plants, which is the subjECt‘of the present thesis.

Gréen léaves constitute the primary and largest-
source of protein in the world. Leaves supply pfotein to-
other plant tissues. However, leafy plants contain high
levels of fibrous structural materials, which cannot Qe'

‘ digésted by man and other monogastric animals. Ruminant
animals and animéis with functional caeca can diges£ large
émounts of celluiose due to the action of symbiotic micro-
organisms in the rumen or caecum. Those animals play an
iﬁportant role in conﬁerting forage érasses into animal
protein and will continue to be of great value to man in

‘the future.

The existence of leaf protein has been known since



1773, when thé first‘experiméntal leaf protein extrééﬁs
‘'were produced by Rouelle (ﬁouelle 1773). : gfeat.deal of
researéh Was'cgrried out in Engiand,by.Pirie and his group
at.Rothahsted in the 1940's withxthe‘p;imary objective of-
developing a simple low cost process for.use in developing
countiies (Pirie, 1942, 1971). Pirie called the. protein
recovered from leaves, Leaf Prq}ein Concentrate (LPC) .

The p;imary“problem of intfoducing leaf pfotein
products into the human diet is one af acceptability.
Acceptabili£¥ of leaf pfotein refers to the product color,
flavour and Auﬁritional ?alue (Bray et al.)1976).  In terms
of nutritional value, leaf protein has a good biological
value .(BV) [fatio of protein consumea to the fraction that
is excreted in ufineand faeces] , true digestabiliéy (TD)

[ the proportion of consumed focd nitrogen that is absorbed] ,
net protein utilization (NPU) [thé’pfoportion of nitrogen
intake that is fetained] and proteip efficiency ratio (PER)

[ measurement of wéight gain per gram of protein eaten ]

Also it has the correct amount of essential amino acids

[ the amino acids not made by the body. but obtained from

food ).

The more purified leaf protein is usually tinted.
It does not have a bland- white color usuallf assoclated
with purified proteins, such as caseinates or soy protein

concentrates. Possibly the reason is that leaf protein



-copcentraté-has peen shown to havefménolic¢8mpounds,.Subh
as tannin énd chlorogenic acid bound to its protein,molecules. 
The présence of phenolic compounds in plant protein con-
centrates affe&ts the final acceptabilﬁty (primarily due

3

to the color of foodé containing the plaht proteins and
possibly fgwers thé digestibility of LPC by inhibiting the
. rate of trypsin attack on the proféin. In 1971 Allison
suggested that binding pelyphenols and qguincones to the
eQamino groups of leaf protein lysine aﬁd subsequent poly—
merization of the polyphénols into tamein-protein cdmplexes
renders large amounts of the leaf pfotein inaccessible to
digeétion by monogastrics (Allison, 1971Y. 1In 1975 Free
and Satterlee demonstrated that;.the a£tagk of the-protéo-l
lytic enzymes trypsin and chymotrypsin;on alfalfa leaf

protein was slower when chlorogenic acid was bound to the

leaf PrOteingRemoval of the chlorogenic acid which is bound to
protein fractions enhanced the rate of attack by both
proteolytic enz&mes on leaf protein concentrates. (Free
and Sa;terlee,1975).
Leaf proteih concentrate has a plant taste similar
to chewed grass, which increases the unacceptability of it
as a human food ingredient.-
| Leaf Protein Concentrate is one product resulting

from the process of green crop fractionation. Two reasons

for proposing to fractionate leafy crops instead of using



them as, ruminant foddef‘é#e: the amouﬁt of'fibre‘iﬁ some
leaves makes.them unacceptableAﬁs humaﬂ food, aﬁd thq
conversion of foragé into édible proaucﬁs.bj ruminaﬁts is
.ineffidient. Fragéionation of léafy crops can yield more
edible prétein than other forms of'agricu;ture. The fibre
residue‘wﬁiéh contains the protein that was not gXtracted,
can be uéed in animal feeds. Moreover, the soluble léaf
components can be used as a culture medium.for the production
of microbial protein (Pirie, 1975). |

The differendes inrprotein yield between a leafy
crop used as forage or fractionafed to extract‘the leaf
protein concentrate is described in Figure 1. It gﬂb@s ‘
that, between 10 and 30% of tﬁe protein in a fbrage is
converéed into human food by ruminants, whereas 40 to 60%
~of the pfotein can be extracted for human food. The
fibrous residue containing the pfotein that was not extracted
can be used for ruminaﬁt feeds. The clear Erown juice
obtained in the last step of the purification, after the
precipitation of leaf protein concentrate, can be usea as

]

a culture for the production of single-cell protein (Figure 1).
.~ —In-1968 Pirie found that, protein extracts more
readily from soft lush leaves than from those that are

rfibrous.and dry (Pirie,. 1968).



Figure 1

Shows differences in Protein Yield
between a Crop Used as Forage or
Fractionated to Extract the Protein

i
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In large-scale‘work, - re~extracting the fibre.can
"give half as much protein again as a'single extraction, but
it would be difficult in the laboratory 'to get quantitative

and repeatable results from a double extraction (Pirie,.1974}.

2. Plant Sources for Leaf Protein Production:

A. Alfalfa Leaf Protein

There are a number of studies done.bn the extrabtioﬁ
of leaf protein copéentrate from alfalfa. This is.becéuse
alfalfa has a few added advantages over other forage Crops.
These advantages are: it is a legume, perennial, grows fast- -
and recovers quickly after harvesting and thriﬁés in é Qériety

~of locations.

1. The Technique of Alfalfa LPC Extraction

The significance o§ the,work by Pirie in the 1950's
is that he extracted LPC containing from 40 to 50% prétein
with a PER of 1.7 (casein has a PER of 2.5). Machinery he
developed ruptures the tough-fibered plant cells of alfalfa
and presses out a green juice that has 25 to 35 percent
protein. When the juice is heated, it separates into protéin
crudes and a clean brown liquid. The dried crudes become a
dark green powder leaf prdtein concentrate (LPC) (Figure 2)).
Heat coagulation i1s the moét-satisfactory method for separating

crude.protein from the green-colored extract. Green



.ﬁfeéominantl?‘“Chloroplastiﬁ“ protein éoaguia;es at 50 5C—60‘°C;
It-maylbé removed by'filtration or céntrifﬁgation. If the now
brown-colored exfract is further heated to 70 °C, the colour-.
less "cytoplasmic" protein coagulates. .The préteih caﬁ then
be separdted from the "whey" and dried. Whey ﬁould be used
‘as a medium for Cultﬁriné micro—orgaﬁismé (Pirie, 1971).

Bawden and Pirie (1944) mentioned that after grinding
the ieaves to.relgase the protein, some nitrogen remains
attached to the fipre;‘ Part of this is probably protein that

Jmmﬁ initially soluble but gets atFachedrﬁo the fibre asla
result of thé‘stresseé'during grinding (perhaps due to momentary
local heating or by binding to polyphenols). .

Commercial scale producgticn @a f&tein concentrate
froﬁ alfalfa was realized in the United Sta£es and Europe.

LPC product contaifis high percentages of protein and low
percen£ages of fibre. This product is an excellent feed
ingredient for mongastric animals. The gommergial processes
which have been develoéed are based upon the work of U.S.
Department of Agriculture researchers, who have named the .
animal feed LPC product Pro-Xan I (Kohler and Knuckles, 1977).

For more references as well as further discussions
on alfalfa LPC refer to Kohler et al. (1973).

Pro—Xan.II is a modified process which yields not
only Pro-Xan I for animal feed'but also a white proteiﬁ

eﬁpduct suitable for human food. Recently, the conditioné

)



.

* for the efficient separation of the green and white fréctions
) AN .

' of leaf protein were established on a laboratory scale

(de Fremery et al.,1973). Present research is directed to

produce Pro-Xan II in commercial scale (Figure 3).

2.  vYields of Leaf Protein Concentrate

“Yields of products of

'.‘

the two proééssas (Pro-Xan I

and Pro-Xan II) are shown in Table I. In the Pro-Xan I

process about 68% of the dry matter of the alfalfa was

recovered in the press cake.

About 32% was removed in the o

-juice and about 17% was recovered in the soluble fraction.

The remaining 15% was recovered as whole LPC (Pro-Xan I).

In the Pro-Xan II process, ll% was recovered as green

&

"chloroplastic¢"LPC and 3.3% as white "cytoplasmic" LPC.

A look at the crude protein distribution column shows that

the pressing removed 57% of the crude protein in the juice.

Of this, 42% was recovered in
15% in the brown juice. When
Pro-Xan II process, about 60%

L

. was in the green fraction, and

the Pro-Xan I, the_rémaining
the split was made in the
of the necoverable protein

about 40% in the white. The

latter represents about 43% of the 7% soluble protein of

the ori§inal alfalfa (Kohler,

Al

1377).
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Figure 2 -Ex.traétion of Grekn Leaf Protein Concentrate
from Alfalfa Leaves (Pirie,1971).
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Figure 3 The Production of White Leaf Protein

Concentrate. (Berkeley Method)
(Kohler, 1968)
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Table I

. Distribution of Solids in the Fracﬁionation

of Alfalfa Leaf Protein Concentrate

Process Sﬁep Drf Weight . Crude Protein Soluble Protein
% . (% of original) (% of origiﬁal)
Raw material LT
(alfalfa leaves) : ’
Solids 100 1.0 _
Crude Protein 21 100 _
Soluble Protein T 33 T 100
Recovery in-Pro-Xan I
Products , ]
Whole LPC ” 15 42 .
Press Caké 68 : ‘ 43 ‘ _
Brown Juice 17 15 ‘

Recovery in Pro-Xan IT

Products
White LPC 3.3 16 . 43

Green LPC 11 . 26

(Kohler, 1977). ‘.

LA
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3. The Nutritional Value of. the Leaf Protein Concentrate

~

LPC products from different methods_'are
weil balanced and_confain high levels oﬁ essgntial‘amino
acids. Thére is a slight dgficiﬁ of total sulfur amino acids
(methionine-and cystine) in the green LPC. The white LFC hasf
higher levels of almost all esseﬁtial amino acids as compared
with green leaf protein concentrate(Table II).

Protein efficiency ratio (PER) of freeze-dried green
LPC, when supplemented with 0.2% methionine was ngt signifi-
cantly different from éasein. The PER of white LPC, before
addiné 0.2% methionine was not signifiéantly different from
ca;ein,'whereas, after adding 0.2% methionine there was a
significant inc;ease (Bickoff et aI.,l975)..

Green LPC gave a good true digestabilitfuvalue,.but‘

the white LPC gave a very good value (Table III).

B. Tobacco Leaf Protein Concentrate

Tobacco is another agriculture‘crop whose foliar
protein has come under considerable investigation. Changes
in smoking patterns have forced the industry to re-evaluate
the end-use of fh@s vast resource. Also, changes in the
economics of commercial protein isolates.(e.g. from soybean)
have caused much work to proceed on finding other vegetable

protein sources. Since 1947; Wildman and his group at



\
Do

-Unlver51ty of Callfornla in Los Angeles, have been worklng

on the recovery of leaf’ protein from tobacco follage.‘ They
found from amrno acid studies that,tobacco leaf protein:is
a superior'sonrce of-supplemental'protein in the hunan diet
compared with leaf protein_from other plants. ~Leaf protein
can be ea51ly separated from tobacco and the relatlvely pure
protein can be recovered by crystalllzatlon.

Tso and his group at the United States Department of
Agrlculture, Maryland, developed a process known as Homogenlzed
Leaf Curing (Ford, 1978). Protein is extracted from tobacco
leaves before they are eured for cigarette manuracture. The
process is based on the fact that, the compounds that enhance
smoke and tobacco usability are non-proteinaceousl This
makes it possible to separate and'recover the protein before
curiné.

More than 50% of the protein extracted from tobacco
leaves is Fraction-1 protein. Except methionine, thHe amount
of essential amino acids in tobacco leaf protein either meet
or exceed the standard patterns of the essential amino acids
(FAO, 1973). It is possible to.erystallize Fraction-l protein
from tobacco. It jg a pure, tasteless, colorless and
odorless product. Fraction-1 protein is suitable as an
animal and human food (Wildman, 1974)..

The other proteins recovered from tobacco leaves

are a mixture of many proteins with small molecular weights.

-
“



Amlno-Ac1d Comp051tlon (g/16 gN)

of Green LPC and White LPC

Table IT

Amino FAOl Green White.
Acid " Standard LPC LPC
'Isoleucine " 4.00 4.94 . 5.46
Leucine. ‘ 7.04 8.19 9.37
Lysine 5.44 6.18 6.54
Methionine+ 3.54. 3.25 3.71

Cystine
Phenylalanine+ 6.08 9.34 11.68
Tyrosine |
Threonine 4.00 4,81 5.76
- Valine . 4.96' 6.25 7.19

FAO: Food and Agriculture Organisation (1973)

i

(Bickoff et al.,1975).



Table III

Protein Efficiency Ratioc (PER),
True Digestibility (TD) and
Biological Value (BV) of ‘ﬁ

Green and White LPC

16 -

Green White -Casein
LPC LPC
PER S D
. with no additional 1.84 2.40 2.5
methionine
... With O:?% methionine 2.63 2.76
TD ' .. 87.7 98.7 99.6
BV 79. 80 83

(Bickoff, 1975).
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C. Othef Green Leaves

Spinach, pea, bean, rapeseed and grasses have‘been'}g

studied to a lesser degree than alfalfa and tobacco as a

17-

source for leaf protein extraction TEllis; 1979; Haslett et al.,

1976; Brown, 1975 and Bray, 1975). Spinach Lﬁc has been

- characterized recently in England (Ellis, 1979). 2

There is not much difference betwéen the process.of-.
extracting leaf prétein from alfélfé, tobacco or any other.'
green leaves. All the methods are based on rupturing and
juicing the leaf tissues followed by reco&ery of protein
from the juice. Different methods can be used to recover
the protein from the juice: acid ?recipitation, heat coagula-
tion ané filtratfdn. The amount of protein-extracted‘
depends on the fecovery method. In 1971 Pirie conéluded

that, heat coagulation is the most satisfactory method for

"protein recovery from the leaf juice (Pirie,1971).

- 3. PFraction-l Protein -

. Fraction-1l protein was obse;ved to bé one of the
major leaf proteins'in terms of quality. Up to 65% of the
total soluble protein in leaf extracts is Fraction-1 protein
(Ellis, 1979). It was latér found that Fraction-1 prqtein
was identical to ’ribulose l;ﬁ—bisphosphate carboxylasé

(RuBPCase)'. This enzyme catalyzes the first step of the



darkireaétiOns in‘photosynthesig:- l ] '
. .“_ . 3 | ‘ ' Mg2+ - /ﬁf\.‘
CO2 + D-ribulose-l, 5-bisphosphate + H20 > + 2. 3-phospho~
D-glycerate. |

In 1971 it was discbvered'that, this prdteih catalyzes
'an additional reaction, the first reaction in the process of
photorespiratfoh (Bowes, 1971); o ' v

Mg2+

‘02 + D—ribulose—l,5~bisphosphate + 3-phospho-D-glycerate

+2—phosphoglycolate.

‘Aquéous extracts of the leaveé of higher plants contain
1-10 mg/g fresh weight of Fraction-1l protein{ The actual
amount of ﬁhis.protein dépends on the stage of development
of the plant, and also on the growth cdnditions (Ellis, 1979).
The purification of Ffaction-l‘protein froﬁlfhe other soluﬁle
proteins Qas easy. The purification pro?ess included the

following steps: ammonium sulfate precipitatioen (30 to 55% .

saturation); Sephadex G-200 gel filtration and ultracentrifuga-

tion on a sucrose step gradient (Wildner et al,,1980).
Fraction-1 protein from hiéher planfs has a molecular
weight of abou£ 560,000. It is composed of eight large sub-
units (55,00d mw) and eight small subunits {12,500 mw). The
large subunits are responsible for enzymatic activity. The
role of the small subunits has yet to be determined, although
there is some evidence for its role as a promotor in thg |

synthesis of the large subunits (Haslett et al., 1976).

N

-



A. Use of Fraction-l1 Protein as a Protein Source

Amino acid analysis and feeding trials lave been
‘carried out on Fraction-1 protein (Wildman, 1974[. ‘¥n terms
of absdlute amounts of essential amino acids (mg ?er g of
.protein)the cpncentrétion of each essential gmino acid 1s
greater thah thé‘recommended requirementé. When the ratio
of each essential amino acid is compared to the total
essential amino acids, a deficiency of sulfur-containing
amino acids appear. By adding 0.2% methionine, Fraction-1
protein can be used as complete proteih source.

Unfortuﬁately more work must be'aone before the
problems of LPC as a human food.pag be overcome (the main
component of LPC is Fractiog-l proteiﬂ). For thé most part
these problems ére senscory. The color, taste:and_smell of
.LPC, also the presence of some phenclic compounds associaéed
with LFC increase the unacceptability of it as a novel food.

Fraction-1 ;rotein has been obtained in a cr?stalline
forﬁ {(e.g. tobacco Fraction-1 protéin); The crystalline
form of Fraction-l protein is a bland-white material. From
this it can be inferred that the sensory properties associated
with LPC can be overcqmé. The properties of ﬁaste[ smell,
an'c'i' color e;re not inltlrinsic to tfle protein but are due to
contamination. Most of this contamination is'dqe to the
protein phenolic interaction. If this can be controlled

_or eliminated it should be possible to produce LPC from



almost any plant source with llttle detectable taste.

The control of phenolics can‘be aocompllshed in a.
number of ways; The addltlon~of phenolase inhibitors or
phenclic binding substances to the ertraction buffer is\an
easy and fast strategy that might be used (e.g. sulfite and

polyvinylpyrrolidone) (Loomis and Battaile, 1966)

4. Utilization of Poplar Leaf Protein \

A breeding programme was developed in the early;l??O‘s
by the Ontario Ministry of datural Resources (OMNR) to pro-
duce genetically selected ﬁybrid poplars sultable for the
' eastern region of Ontario, where deficiencies have developed
1n the supply of materials for some wood industries. In
1977 Holder studied the chemlstry of the wood of many hybrid
poplarclonesand he found that, in terms of quallty, hybrid
Vpoplar wood is_satisfactory for the fibre-based lndustrles
(Holder, 1977). Hybrid poplar” trees have a large number of
leaves.' rhese leaves are high ia protein content and may
be used as a protein source. In-1970 Siren in Sweden was
rthe first ‘to point out that poplar may -be considered as a ~
good source of LPC.

Poplar leaf was chosen for thlS the51s after many
practical observations. The growth rate of poplar trees’
ds remarkably high. A poplar may increase in helght by as

much as three meters in a single year. This represents a

~20 .
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~(Anderson‘and Zsuffa; 1975).

large amoﬁnt of usable biomass for the production'ef leaf

protein concentrate. Poplar_is a fast growing species,

grpws'in a wide variety of ‘soils and climatic conditions
L . l‘.‘ ' j
In 1979 Chen studied the quality and gquantity of

érotein derived from hybrid poplar leaves (Chen, 1979) .

"He found that the amino acid composition ‘of poplar leaf

protein.concentfate is similar to that found in other leaf
protein concentfateé end the essential amino acid content

is higher than FAO's recommended values for pro@ein. .Also,
Chen states that Ehe;true‘metabolic energy and digestible
energy of popiar leaf protein concentrate are competitive
with the ;eported values for other leaf protein concentrates
sﬁch as alfalfa (metebolic energy of poplar.ieaf proﬁeiq
concentrate was 3.03, for elfalfa.iﬁ.was 2.58-3.18. The
true digestible energy ef poplar leaf protein .concentrate
was 67%, for alfalfa it was 64.5-67.8%).

Poplars have gocod characteristics . for indnustrial biomass
production. They can be cultivated in various ways in
monoculture or in association with other tree specmes, and
even farm crops’ (Anderson and Zsuffa, 1979).

In 197% Anderson mentioned that, poplar plantations
have shown significant potential in Ontario as alternative
crops on marginal farmlands and as improved crops replacing

low quality forests. Large yields have been obtained in
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short rotations and the produced biomass was-of a good quality

for a variety of producté, such as fibre, fuel,"fdrage; food

and fodder, the so-called "Five Fs" (Anderson and Zsuffa, 1979)._

; . " ' . - N - .
5. Plant Protein and Phenolic Compounds

It is well known that poplar is low in lignin cdntent
and is efore the softest tree of the haréwoodé.or
deciduous class of woqdy plants. &he low lignin content
may mean that its leaf tissue may also be low in phenolic
combounas. The pdssibility merits some investigation for
it would mean-that poplér could be a good sou?ce of LPC
singe interfering phenolics w%uld be lower in concentration
than in other woody leaves. | |

The reactiBn between protein and free phenolics or
their oxidation products have long been known. .Such reac-
tions are‘involved during the extraction of pfotein from‘
plants (Swain, T.,1965). The presence of phenolic compounds
often makes it impossible to isolate active enzymes by con-
ventional techniques (Loomis and Battaile, 1966).

Phenolic compounds are présent in all species of
leaf. There is enough in some laFvés to prevent protein
extraction completely (Bawden and Kleezkowski, 1945).

Besides interfering with prbtein'exﬁréction, it is reasonable
to assume tha£ some of these'subsFances'accompany what
protéin does extract, ?nd thus confaminaté the final

leaf precduct.
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In 1968 Jennings measured the absorption spectrum
of bean (Vicia faba) leaf érotein, compared it with the
. spectrum calculated from 1ts terSLne and tryptophan content,

and showed that the dlfference between the spectra resembled

the typical spectrum of phenolic material (Jennings et al., 1968).

\?henolic binding may alter the nutritive value of
protein extractec from plant tissue. Subba Rau et al.,(l972).
found that, there is no-correlations between autritive value
and the imount of phenolics in-eleven preparations from
elght species used.as sole protein sources for rats. How-
ever, when the results were expressed as the ratio of
: phenolica to nitrogen, it was clear that samples with the

greater ratios were worse nutritionally. ' \

o+

A. Possible Reactions Between Phenolics and Proteins

The phenols and bicchemically related substances
of nataral origin in plants can be divided into two groups.
The'first grodp consists of approximately 25 simple phenols
such as caffeic, ferulic, sinapic; p-coumariec, gallic acids
(Figure 4) or their derivatives; flavonoids (e.g. flavone
and flavonol} (see Figure 5); lignin and hydrolyzable and
condensed tannins (Figure 6). The seconc group consists of
highly toxic phenolic derivatives, heterogeneous compounds.

Phenols combine with Qroteips reversibly by hydrogen

bonding and irreversibly by oxidation followed by covalent

.
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condensatiéns (Pierpoint, 1970). In the case of tannins,
weak lonlc bonds between suitable charged anionic groups
on the ‘phenolics and catlonlc groups on the proteln must

be considered (Loomis and Battaile, 1966; Swain, 1965).



Figqure 4 The Structures of Some Simple Phenolic
Compounds Found in Plants ‘

o

»
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Figure 5 Examples of the Structure of Flavonols,
a Common Group of Plant Phenolic Compounds.
- a)5,7-dihydroxy flavone., bBb)quercetin.
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Figure 6 The Structure of Tannin
a) Hydrolyzable Tannin
b) Condensed Tannin (}g‘lavone)
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1. The Hydrogen Bond

-

In 1969 Loomis mentioned that the:amoﬁnt of pheholic
hmateriél‘bound to protein by hydroéen bonding may be equal to
_mére than 33% dry yeight of the »rotein. Peptide links aré
the most powerful binding sites in the formation of hydrogen

/ﬂyﬂjﬁgndsbetween tanninS‘and‘proteins (Loomis, 1969).
There are two types of tannin, conéensed and
hydrolyzable.' They show very different pH responses.;n
their reactions with polypeptides. Loomis and Battaile,
(1966) reviewed the chemistry of these reactions and the
use of polyviﬁ&lpyrrolidone (PVP{ to.compete-for phenélics.
PVP adsorbs phenols from plant tissue extracts and forms
stable insoluble complexes with.tannin méterial. Using
this éompound, they were éble to obtain'active, soluble
enzymes from léaves of peppermint, thistle and apple

(Figure 7). |

| To minimize browning and increase protein extract-
ability, many other protective agents have been used besides
ﬁVP. Woodham hés proposed the use of sulfite for inhibiting
the oxidafion of phenolic co@pounds in leaves and their

subsequent attack on proteins {(e.g., Na SO3). He also

2
showed that, sulfite treafment increased the guantity of
~both methionine and cystine in the protein products. (Figure 8).

Mercaptoethanol is believed to act as a gquinoné-removing

. substance (Welander, 1978). 1In higher concentrations, it
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/ .
- will react with pfoteins by disruptingldisulfide bridgég._'
Fof this reason, it iSuimpoftant to investiééte the effect
éf mércaptoethané; oﬁ tﬁe éctivity of différent enzymés
(Welandér, 1§78). | | |

2. The Covalent Bond

Phenols can be also combined Qith proteigs irre-
Qersibly by oxidation followed Ey covalent condensatipns
(Loomis and Battaile, 1966).

| Fof example the o-dihydroxy phenols, especially
caffeic and chlorogenic acids, are oxidized to_o—quinone@
by a copper;containing enzyme, phencl-oxidase. O-Quinones
(e.g.,chlorogenoquinone)‘react nonenzymatiéally to polymerize,
reduce or bond covalently to amino,.thio;'and-methylene
groups {e:g., e-amino group of lysine and thio-ether grdup
of methionine).. This is iilustrafed in Figure 9.

The combined reactibn of guinones, polyphenols and
tannins onlthe €-amino groups of lysine and their subséquent
polymerization into tannin—prb?ein complexes may make large
amounts of lysine and other éssehtial amino acids/énavailable
for ﬁutritional utilization: Thus a low level of oxidation
can result in a substantial decrease in protein nutritivg
.value. It can. also cause inactivation and precipitation of

the enzyme during its purification.



Figufe'? Postulatéd Hydrogen Bonding of Plant
Phenol to Polyvinylpyrrolidone
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The Use of Sodium Sulfite in inhibiting

'Phencl Protein Interaction During LPC
Extraction
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Figure 9 Enzyme-Catalyzed Oxidation of Caffeic
Acid to Caffeoquinone Followed by
- Autolytic Bonding.to Amino and Thiol
Groups in Protein o
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6. Aims of. Present Research

T have been interested in improving LPC extraction
from hybird poplar foliage. The focus has been on twq
different problems.. First, purification of crude protein

recovery from hybrid poplar leaves may be optimized by using

.sulfite and/orx polyvinylp&rrolidone. Secondly, the concentra-

tions of inhibitory phenols and éubseqdent protein extract-
abiiity should be compared between two hyBrid poplar clones
and other well studied systeﬁs like alfalfa, tobacco and
rapeseed. fhen the biochemical and.econdﬁical_feasibi;ity

of producing food grade protein isolate'from hybrid poplar
méy be evaluated. I have also studied {he effect of seasocnal
yariation on the.amounts of both éxtractable protein and
phenoll‘ Thé latter study was carried out in order to find“
the times éf highest and lowest conéentrations and to check

whether there is any relationship between the concentration

of phenol and the extractable protein from the leaves.
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EXPERIMENTAL PROCEDURE

1. Materials _ | . ’

A, Leaf Tissue

Hybrid poplar leaves ‘were chosen for this study
after many practicai observations. H?brid-poplars grow
rapidly and in é Qide variety of soils and climatic con-
ditions. The Ontario Ministry of Naturéi Resources (OMNR)
has been étudying hybrid .poplar for-pbssib;e_harvesting
of fibre, fuel, foragé, foddér and food. For a study of
poplar leaf ﬁrotein concentrate as a possible food source,

a ready supply of leaf tissue was available. Clones

145/51 {(Populus euramerlcgnaigl.l

L

45/51 Italy) and DN113

(P. deltoides x. P. nigra) were chosen from the OMNR poplar
‘clone bank. 145/51 is " the internal staﬁdard used throughout
the OMNR breeding program so it was included as é reference
material. DN1l13 is a new fasF—growing hybrid with large
leaves. It produces a large amount of foliaée biomass énd

may be a good potential source of leaf protein concentrate.

Alfalfa, tobacco and rapeseed have already been shown

34
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to yield commercial protein products from leaf tissué'(Pirie,'

1971; Wildman, 1974;;Erown et al., 1975). Extractability

has been shown to be depéndeﬁt on inhibitory'phenOls and
other factors such as moisture gonteht, cfﬁde soluble protein
leﬁels and_tofal nitrogen coﬁtent. TS eﬁaluate the' econoﬁic
feasibility of Qroducing a food-grade protein isolate from
hybrid poplar, the cdncentratioﬂ of phenols, moisture and
protéin ware compared withlthose‘of the more common agricul-

tural crops, alfalfa, tobacco énd.rapeseed..

Rapeseed (Brassica napus var. Altex), tobacco

(Nicotiana tabacum cv. Delhi 34) and alfalfa (Medicago

sativa L.) were.supplied by Ottawa Research Station,

Bgriculture Canada.

B. Field Site: and Design

The experimental trial of agricultural crops and
poplars was established at the OMNR Howard Fefguson'Tree
Nursery in Kemptville in 1980. An area of landawas chdsen
in the north-east corner of compartment 6 (Figure .9a). The
site is a loamy sand, high in humus and was prépared to a
depth of 6" by roto-tiller immeaiately‘beforé plantiné and
hand raked. A Randomized Block Experiment (RBE) was used.

Two hybrid poplar- clones, and DNllB; ware

. T45/51
randomly planted (30 of May 1980} in four replications along -

with three agricultural crops, alfalfa, tobacco and rapeseed.

]

35"
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‘The field trial-waé repeated for a second gfowing _
.season in 1981. The two boplar clones and‘alfalfa-piants; \}_
_being perenhial, all survivéd the winter and spr&uted.well -
in the spring. _ﬁew tob?gcq and rapésged were plantéd in N

LY

the same experimental design on May 21, 198l. .
The trial was orién£ed north north-west to minimize
any shading effect of hybrid poplars Qﬁ agricultural crops.
Irrigation was readily availablé if required. Four replicates
running south to north were comprised of  five random plots
each,.tWO péplar and three agricultural, separated by a
dummy plot. Each plot was 2.0 m wiae by 90.0 cm long. Each .
replicate was 4.5 m long giviné & total éiperimental‘site_‘
length, including dummy plots of 20.7 m:(Figurekéby.."-1 "

C. Chemicals

-

Chemical materials weré purchased £from £he folloﬁing
suppliers: Sephadex, Sepharose and Sephacryl gei filtfafion f
column chromatograghic media: Pharmacia Chemicalé, Uppéala,
Sweden, Pharmacia (Canada) Ltd., Montreal, P.Q.; Polyﬁinyl-
pyrrolidone (phenol adsorbent}: Sigma Chemical Co., St. Louis,
Mo., U.S.A.; Electrophoresis chemicals and protein molecular
weight standards: Bio-Rad Laboratories, Toronto, Ontario.

All other chemicals were from Canlab,Supplies Ltd., Ottawa;‘

Ontario.
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Figure9a " Field Site at OMNR Howard Ferguson
in Kemptvillé. Plants were
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Figufe‘gb_Field Design of Hybrid Poplar Clones,
Tobacco, Alfalfa and Rapeseed in Compartment
o : . 6 of OMNR Nursery, Kemptville, Ontario. ‘
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' | ' of plot.contained nine plants spaced.- at 30 cm X
67 cm intervals. |
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2. .Methods

A. Optimization of Protein Extraction

1. Adsorption of Phenolics with Polyvinylpyrrolidone

The use of polyvinylpyrrolidone (PVP) was studied

\

by Loomis and Battailelfor the isclation of protein from
plants (Loomis and Battaiie,‘1966). PVP acts as‘a-competif

tive bindertfor polyphenols which would otherwise complex

with plént.proteins dﬁring extraction and make them partly

or wholly insoluble or bind them irreversibly to the leaf

L]

fibre residue.
&

o

2. Inhibition of Phenolics with Sulfite

The use of sulfite for. inhibiting the oxidation of
phenclic coméounds in leaves_and their subsequentlattaqk
on proteins was suggested by Woodham (Woodham,.1974). He
also showed that sulfite treatment increased the quantity

. of both methionine and cystine in the leaf proteih concen-

trate product.

3. Optimization Trials

Poplar leaves (5 g) were welghed, quickly crushed
by hand, homogenized for 2nin.in normal extraction buffer
{25 ml) containing,0.0S M Tris-HCl pH 7.4, 1.0 M:NaCl,

0:001 MEDTA, 0.002 M MgC12 and 0.08 M B-mercaptoethanol

1Y o “



and qulckly squeezed through cheesecloth. Leaf protein
solutlons were centrlfuged at 15, 000 X g for 30 min. and the
'amounts of protein-in the supernatant were measured usmng
the Bio—Rad Protein Assay. Hybrld poplar clone 145/51 was
used in this study. ﬁﬂ )

To study the effect of- PVP on poplar proteln extrac-
tion, leaf samples were homogenized in normal extraction
buffer with various'amounts of PVE fO,o.OS,o.l,p.Z,O.S and
l%)atpH74 o

To test the effect of sulfite onsproteln extraction,
leaf samples were homogenizedn;n the same buffer using the
following concentrations.(d, 1, 2,'5, 8 and 10%) at'pH_7.4
'and pPH 9.0.

B. Characterization of Leaf Tissues

+

1. Harvest

Leaf tissue was collected six times during the period

40

July to the end of September, 1980.Table IIIA shows the harvest

number ahnd the collectlon date for the 1980 harvests. Dates’

from 1981 analyses are 'reported in chapter IV where appropriate.

Random samples were collected in each harvest from

four different replicates for each species (poplar 145/51.

and DN113,-alfalfa, tobacco and rapeseed). Only green

* See page 45.
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Table III A N

Collectioﬂ.Qatés‘of Leaf Material 1980

Harvest No.-

Harvest Date

30 July
_6‘August
‘14‘August
25'Auguét

'4 September

17 .September

@
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leaves w1th no. obv10us 31gns of .infection were’ used I
the beglnnlng of the season theﬁoln;mum number of leaves
' necessary were collected,to m;nlm;ze any effect~on Fhe ;
plant g;owth.rates. R

ihe’rapeseed crop exhibited a very short growing

season making it difficult to compgre'it to the other plants.’

The m01sture content may . influence the mechanlcQA\\

2. Moisture Content of Leaves.

S

properties of leaves during homogenization" angrflltratlon o
through cheesecloth o .

Random samples of 1eaf tlssue (1 g} from each’

_ L
c llectlon wgre drled in an.oven for at least 24 hrs at

110 °C. Molsture content was calculate@ as follows:

Moisture Content % (FW) =

fresh weight - dry weight
- frésh weight *

3. Total Protein Content (\; ’

x 100

| Fresh ieeﬁ samples were ground and analysed using_ the -

micro;Kjeldéhl method as modified hy Gunhingfeqd Arnold .
(Triebold, Aurand, 1963) to determine‘the‘totél nitrogen'”
content (TN&?K' Total protein content (TPC) was assumed to
equal the total nltrogeRAQ%htent multiplied by a t?ctor-pﬁ
6.25. This factor has beer used before to oalculate.xeef

protein conceﬂtration (Lu et al., 1972).



™
+

&

Micro-Kjeldahl Method:

»

The method consists of; EiEEEr the wet oxidation of
sémple and.the conversion of prqééin nitrogen intb ammonium °
“sulfate; second,‘thé d%comﬁosition of the ammonium éulfate  "
Qith strong alkaii and the distilldtion of-the'amﬁonia
evolved into:satufated'boric acid solution wﬁiqh holds the
ammonia} third, the titration of the ammonia with standard
acid; and fourth,f%he calculatiqd qf thé percentage protein

in‘the samplle from its %gight and the volume of_sfandard

acid required to titrate the ammonia.

-

Procedﬁfe:
JThe‘wet oxidation of the sample was accomplished by.
heating‘O,S g of fresh leaf sample.with 5 ml 6flconcentratea
sulfuric acid in the presence of 50 mg of an oxidizing ./
catalyst‘(mercuric'dﬁide) and 2.0 g of salt, either potassium
| or sodium sulfate. The mixture was heated over low heat in
a Kjeldahl digestion apparéfﬁs'hntii fﬂe miﬁture ﬁo longer
- frothgd.' Then the Heat was increased. At this-pdint the
. digest solution became clear. The heating wa§ continued
. for an édditional.ZO‘—JBO min. éo éﬁsure ;omplete oxidation.
The'minimum‘volume_ﬁf digtilled water rééuired to dissolve

. /Ezg>solidsfwas.added. The cook digest was transferred to

) pheAfLask'of the distillation apparatus.: A 125 ml erlenmeyer

43



flask containing 5.0 ml saturated boric acid and 274‘drcpe '
cf-indicatcr solution (methyl'red4methyl“blne 2:1) ‘was .
placed under the condenser with condenser tlp below the
surface of the rece1v1ng solutlon. Twenty millilitres of
50% NaOH/ZS% Na2 204 (4:1) solution was added to the diqest"
solutlon and distilled until.20nﬁ. of dlstlllate had been
collected_;n the flask. The 1nd1cator colorx changed from
purple to green.. The dlstlllate was titrated against:
hydrocnloric acid to the gray end point.

The total nitrogen content was calculated from the

.expression:

3 TNC - (sample tltre—blank titre} x normality of HCl x 14.007

gram dry leaf material x 10

The total nitrogen values obtained using this method are refered

to in thés thesis as total protein content ( TPC).

-

4. Protein-Extraction

The method of Stroback and Gibbons (1976) was used
for leaf protein extraction. The basic procedures for the
extraction involved leaf grinding with icetcola buffer-
(0.05 M Tris~HCl buffer pH 7.4, 1.0 M NaCl, 0.001 M EDTA,
0.002 M Méélz,'D:OB M B—me:captcethano%, and‘Q.Z%-pblfninyl~
pyrrolidone5 in a Waring blendeF, of 1 L. capacity.-dAfter
grinding, the homogenate was filtered throngh 8 layerslof

cheesecloth to remove most of the leaf fibres. Finally



.45

-

the material wés ceﬁ:j}fuéed at'15,0Q0 X g_fa; 30 miﬁ. to
obtain‘the egtracfable crude.prbtein‘(ECP) in thé-supernataht.
This ECP value was obtained by using the Bio-Rad assay
detaiked in ségtion 5 below. -.

The efficiency of. protein extraction was calculated
by compafing éxtractable.c;ude protein-(ECP) to the.total

protein content (TPC) of the material in question:

1 Ratio = extractable. crude protein

total protein content
It isnunderstodd that this expréssion of extraction
efficiency is based on two éiffe?ent.analytigal @ethbgs,
.~ Bio-Rad and Micro- Kjeldahl. However, this ratio did allow -
| &.qui&k comparison of LPC.%xtfagFioﬁ'f:om.poplar leaves
and other species

-

5. Protein Determination

To determinefthe p;otein concentration in the crﬁde
extracts (15,000 x g superhatant) a method much‘faster than
micro-Kjeldahl was used. The Bio-Rad Protein Assay is a
dye-binding assay based on the difﬁerentiél color change of
a dye in response to various concentrations of protein:

(Bradford, 1976).
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Dye Reagent: ' ._Oﬂe volume of.dye'reagentlcohcen4
| trate (;hosphoric acid and methanol)

was diluted with four %olumes of
distilled water. | )

Pfotein Standard: ' Séverai dilutions o% protein
standard (Lypophilized bovine gamma
glpbplin) containing from 0.2 to
abou£ 1.4 mg/ml were pre?ared;_

Sample Preparation: o -Gener;lly samples did not requife :
any dilutioﬁ of concentration.

Assay Procedure: ' Diluted dye reagent (5.0 ml) was
added to sample and standard tubes
(100 ul).. After Vortex mixing,

absorptivity at 595 mpy was measured'
in a Bausch-Lomb Spectrophotometer.
. ) Blank consisted of 100 ul of buffer

and 5 ml diluted dye reagent only.

6. Determination 6f Phenolics Concgntration;f‘

The methods of Swain and Hillis (1959) and Eskin et al.
(1978) were used with modification. The basic procedure for phe-
nolics extraction and determination involved extraction by -
refluxing the leaf.materiél twice with‘80% ethanol at pH 4.0

for 30 min. YAafter the extraction the material was centrifuged



st T I

A

\ . ’ W ‘ . . '
at 10\000 X’ 9 for 30 min. to‘obtain~the phenoli¢s in the ethanol

. extract. “An_ allquot (0.5 ml) of the' ethanol extract was

K

idlluted w1th water to 7. ml . The contents were well mlxed

~

L)

r[qwrth 0. 5 ml of the Folln reaqent (Folln and Clocalteu s

. ~ : N -

: phenol reagEnt) EXactly 3 mln later l 0 ml of saturated'
N :

.-sodlum carbonate solutlon was added and the mlxture made up

,_;to 10 mls W1th good m1x1ng After l hr, the absorpt1v1ty

Y

was determlned at\720 mu usrng only water and reagents as. af'

+
-

blank.

Preparation of Phenolic Standard:

Chlorogenic acid was used as ahohenolic standard
because it is the principle color- formlng flavonoid found in
leaf protein concentrate (LPC). LPC has been shown to have
chlorogenic acid_bound-to its protein molecules (Lahiry et
al.,1977). Several dilutions containing 0, 20, 40, 60, 80,
+100,-120, 140, 160, 180 and EOO ng/ml were prepared.

The phenolics concentration of the various leaves was

expressed as yield:
- - . ‘

'~ total phenolics extracted

C y
vield (mg/g) = . -
fresh or dry weight of leaf material

Y
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T CHAPTERTIN G
- RESULTS

A. Optimization of Protein Extraction

-» .

1. Adsorption of Phenolics with Polyvinvlpyrrolidone

Leaf samples were homogenized. in the appropriate
extraction buffers'ﬁith various amounts of polyvinylpyrro—
lidéne. Both soluble and insocluble poljvinylpyr:olidone
was studied and no differences were obtained. |

At a.neutfal pH of 7.4, 0.2% polyvinylpyrrolidone
in the homogenization buffer yields the optimum production

»
of crude protein (Figure 10).

2. Inhibition of Phenolics with Sulfite.

The protein extraction method outlined in chapter II
was carried out with‘various concentrations of sulfite at
different pH values. Leaf samples were homogenized in thé
appropriate extraction buffers with various amounts of‘sodium
sulfite, a phenol oxidase inhibitor. The yields of extracted
- crude protein are repofted in Figﬁre 11.

At neutral pH the optimum protein production was

48
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Figure 10

The Effect 6f PoleinylpyrroIidone,bn

Protein Extraction from Hybrid Poplar.
Leaves . '

‘The Values are the Means of the Results

of Three Experiments.
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Figure 11

The Effect®of Sulfite on Protein Extracted’
from Hybrid Poplar Leaves . The Values are
the Means of the Results of Three Experiments.-
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achieved with 1% sulfite present.. At an alkaline pH:-of 9.0
similér'amounts of protein were‘dbtainéd with 1% sulfite.
However, when the reducing agent was increased to 5% the

extractability.and recovery was much higher.

B. Characterization of Leaf Tissue

1. Moisture Content

the study of the percentagé moisture content (MC)
was very impbrtant in the expérimenta; trial for two reasons.
First, thé moisture content is an-impoftant factor-in the
p;ocessing of both prdtein énd‘phenql. .The amoﬁgt of water
in the leaf céils acts as the extraction medium of both the
prgtein'and the deleterioué phenols. Secondly, to compaﬁe
the amount of protéin and phenol iﬁ the various plant
materials the main componenté should be expressed in terms
of dry and fresh weight. Moiéture contents for alfalfé,
rapeseed, tobacco énd poplar (145/51 aﬁd DN113) are repgesentéd
in Tables IV, V, VI, VII and'VIII. The effect of seasonal

variation in the moisture content was also observed (Figure 12).

The oven method was easy and gave reproducible results.
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Table IV

Peréentage Moisture Content of Alfaffé Leaves S

R ; (g per 100 g fresh weight)

<

Harvest Replicate . Moisture Average E.Standard
‘ Content ~ *Range Deviation

. 80 80 0.0 0.0
80

13
o]
[
[X I

H2 79 ' 80 1.0 0.8
81 |
sao -

80

[TV o

H3 - 78 .80 £2.0 1.6
- 80 . ‘ -

82

80

LN

H4 80 . 78.5 :1.5. 1.3
79 :
77

78

B L
F

HS 77 77.5 £1.5 1.3
79 ’ g
76

78

=W N

75 75.5 *3/5 2.9
76
72
79

H6

=L b




Table V - '
: r N |
‘PerCentaQe Moisture Content of,Rapeseed'Leaves

w

(g per 100 g fresh weight)

JdT

Harvest Replicate =~  Moisture .Average Standard
-, | Content tRange Deviation

-

Hl |

b b
-

89 ' 89.5°%0.5 0.7
90 . g
H2 A [ 88.8 2.8 2.2
SRR 91 .
88
86

W N

e 86 89.5 3.5 2.6
o 92 | |

.- 89

L 91

H3 -

W La B e

H4 84 - 86.8 3.2 . 2.5
86 .
90

87

FRENE

H5 89 87.3 +2.3 1.7
85
88
87

b

H6 87 87.5 *0.5 " 0.7

SO R
z
p
£

N.A = Not Available

~



.‘-.N‘ .‘ ¢ . N x
- o s * .
o ] * o . ‘Sf\, 54
- ) ',.\ "t' P i - . o -
i _“‘ . "\ .‘ “ ]
- - ‘ T . Table VI i
wn E Percentad‘e Mo:.sture Content of Tobacco Leaves ,
.{g per 100 g fresh we:l.ght) T e
K Harvest Replica'te_ Moisture . Ayeragé _Standard
' . _ Content tRange . Deviation
A ' : ] \ . ) B i - o
. . m 1 | 90 90.5 0.5 . 0.7
L. L L2 "91 ' o :
C L& v v
H2 1 - 92 . 90.0 £2.0 . 1.6
Y © 2 90 | »
: . 3 - 90 Lo
' 4 - ~ 88 . .
B3 1 91" 90%3 1.3 0.9
‘2 90 . ' '
3 89 .
4 - 91 _
. ,H4 1 “ g9 . 88.8 *1.2
. ~2 T - 88 N
| .3 90- "
' 4 88
- HS AT F. 88 - 87.0 £3.0. - 1.8
. 2 © 86, e
3. . -85 - -
4 . 89 LT
H6 T . 83 82.0 1.0 ~ 0.8
2 82. . ,
3 81 . :
4 - 82 g
’ . . .
- Y\ - &
) . . . ’ I, é f
N U
BTN '
3
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'Table VII

Percentage Moisture Content of Poplar 145/51 Leaves

(g per 100 g fresh welght)

Harvest-

B

"‘Replicare

‘Moisture
Content

Average

*Range

- Standard -

.Deviation

HL

H2

H3

- H4

HS

He "~

BWNFE BWNHFE BLWNH RWRH . N

BEC IR VSIS I

75
75

76

76
74
75

77 -

74
75
72

77
72
73
74

.73
71

70
76

69
67

78.0

75.3
74.5
74.0

71.5

68.5°

*0.

4

e
N

55



. - Table VITI
| S R
Percentage Moisture.Content of Poplar DN113 Leaves

A

(g per 100.g fresh weight)’

Harvest Replicate . Moisture Average Standard
. S ‘ Content tRange . Deviatian

-

)

76 76.0 £0.0 0.0
' 76 e . :

s

Hi

[\S N ol

H2 . ,76 75.5° 1.5 1.2
77
75

74

PR

H3 .75 75:3 %1.7 1.2
77 - |
74

75

=W

H4 73 73.5 +0.5 0.6
73 . . - .
.74 . o

74

SRS

' N .0 £2.0 1.8
HS & ‘ %g - 71.0 2. | .l“
73
72 -

W W

H6 6 67.0 £1.0 08

66

(o
67 C

R

(]

- .56 °



Figure .12

The Effect of Seasonal Variation on
the Percentage of the Moisture Content
Cbtained from Alfalfa, Rapeseed, Tobacco

. and Two Poplar Clones 1I45/51 and DN113)

( H = Harvest No. )

]
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2. . Total Protein Content of Leaf Tissues.

To underStand the efficiency of leaf protein extrac;
tion under dlfferent conditions, the total proteln contents’
in the startlng leaf materials were determined. 'The Mlcro—
Kjeldahlmethodwas efficient and prec1se Glycine was used
as the standard (nltrogen content = 18, 66%) In Tables IX
X, XI, XII and XIII the total protein contents obtained from
alfalfa, rapeseed tobacco and both poplar'clones are given.
Flgure 13 shows the effect ‘of -seasonal variation on the' dlfferent
species. For~allrleaves.maximum protein content occured'in late

summer.

‘3. Extractable Crude Protein (Bio~-Rad Value) - #
o v ‘ ‘ A
-~ : '

The method used in the determlnatlon of extractable

protein has proved to be good in the sense that 1t gave very
“good results. Indeed applylng Bio-Rad assay there was no
practlcal observatlon of phenol blndlng to. the extractable proteln
The protein extracted was expressed as yleld {mg of
crude proteln per g of leaves once in terms of fresh weight,
and another in terms of oven-drled welght) :lhe ratio of the
.extracted crude protein to the total. proteln content was also
calculated (Tables XIv, Xv, XVI -XVII and XVIII).
The yleld was calculated in case of fresh and frozen
leaves in the six dlfferent harvests (Tables XIX, XX, XXI,

XXII and XXIII). Figure 14 and 15 show the effect of seasonal



. Table IX

. R e
Total Protein Content in Alfalfa Leaves: '
(g per 100 g dry weight)
. (¥ Kjeldahl N, x 6.25}
_ o
Harvest  Replicate Protein -  Protein -Average Standard
' ‘ Afresh weight) /{( dry weight) & Range  Deviation
H1 1 < 5.00 . 25.00  26.57 1.5 1.6
2 " 5.88 28.13 S »
H2 1 5.90 f 29.70 . 30.5 +0.8 . 0.9
2 6.25 31,25 : -
3 6.25 _31.25
4 5.90 29.70
H3 1 6.88 34.40  34.6 £0.4 0.3
... 2 6.88 T © 34.40 ‘ -
= 3 '6.99 - 35.00
4 6.88 34.40
H4 1 6.88 ' 32.70 . 33.8 %2.8 1.9
2 .7.70 36.60 :
3 7.00 33.10
.4 6.88 '32.70 -
H5 1 '7.00 30.63 29.5 +1.5 1.5 .
2 7.10 31.00 -
3 6.50 . 28.25
4 6.50 28.25
H6 - 1 5.90° . 24.75 25.2 £1.9 1.2
2 5.90 24.75
3 5.90 24.75
. 4 6.50 27.10
¥ ,
]
L% ] (/



' rable X
Total Protein Content in Rapeseed Leaves
(g per 100 g dry weight)

x 6.25)

(3 Kjeldahl N,
Harvest Replicate -+ Protein Protein = Average Standard
/ (fresh weight) Adry weight) - fRange Deviation
Hl 1 2.1 19.4 19.4 *0 0
2 2.1 19.4
H2 1 2.1 "19.4  '19.4 =0 0
- 2 2.1 19.4
3 2.1 19.4
4 2.1 19.4
H3 1 2.4 21.3 ° 22.7 %£2.9 .2.1
2 2:4 21.3
3 2.8 25.6
4 . 2.4 22.4
H4 1 2.9 21.3 19.6 £1.7 1.3°
2 2.7 19.4 :
3 2.7 19.4
4 2.5 e 18.1
HS. 1 2.8 17.5 16.6 1.0 0.9
2 2.8 17.5
3 2.5 15.6
4 2.5 15.6
H6 2.8 17.5 17.5 %0 0
27 N.A. J
3. N.A. '
2 2.8 17.5

N.A. =-Not Availab®e
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Table XI ‘

. .
Total Protein Content in Tobacco }'_.e:avesﬂk

(g per 100 g dry weight)

(3 Kjeldahl N, x 6.25)

2

Harvest . Replicate Protein ! Protein. - 'Average Standard.
- . /(fresh weight) Adry weight) *Range  .Deviation

. He

HL 1 3.1 31.2 29.7 *1.6 1.6
2 2.8 28.1 ;
H2 1 3.1 31.2 33.1 1.9 1.9
-2 3.1 .3l.2 : '
3 3.5 35.0
4 3.5 © 35.0
H3 Tl 4.2 41.9  39.5 £2.4 1.6
2 3.9 38.8 -
3 3.9 38.8
4 . 3.9 38.8
H4 1 3.9 . 35.2 33.5 2.4 2.0
-2 3.5 31.8
3 3.9 35.2
4 3.5 -31.8
HS 1 4.4 32,2 30.4 :1.8 . 1.2
2 3.9 29.8/™ ,
3 3.9 129.8
4 3.9 29.8
1 4.4 24.7 26,2 1.5 1.7
2 5.0 27.7
3 4.4 24.7 \
4 5.0 27.7

61



Table XII -~ B e

»

Total Protein Content .:Ln Poplar I4-5-/51 Leaves-

¢

62.

A - (g per 100 g dry weight)
(% Kjeldahl N, x 6.25)
Harvest ﬁeplicate' | Protein ‘Protein Average - Standard
/({fresh weight) /(dry weight) ' *Range Deviation
HL 1 5.6 22.5  23.2 #0.7  ,0.65
2 5.9 23.8 '
S H2 1 6.4 25.5° 25.2 £2.3 1.8
. -2 6.9 . 27.5 S :
3 5.9 23.8
4 5.9 23.8
. H3. 1 8.1 3.3 29.9 :1.4 1.0
2 7.5 . 28.9 - '
3, 7.7 29.6 .
4 7.7 29.6
H4 1 6.3 , 22.3 24.0 *2.8 2.2
2 6.9 : 24.6
3 7.5 26.8
4 6.3 22.3
H5 1 5.6 19.4 20.0 £1.6 1.1
2 6.3 21.6 -
3 5.6 19.4
4 5.6 . 19.4
H6 1 6.3 19.5 18.6 *1.0 1.1
2. 6.3 19.5
3. 5.6 17.6
4 , 5.6 17.6




Table XIII.

Total Protein bontent in Poplar DN11l3 Leaves

(é pét 100 g dry weight)

63

L.

(% Kjeldahl N2_x 6.25)
1 3
. A : _
Harvest Replicate ' Protein Protein Average Standard
/(fresh weight) /(dry weight) tRange * Deviation
Bl 1 5.6 23.4  23.4 20 0
2 5.6 23.4
CH 0 5.6 23.4 . 25.0 1.6 1.3
2 6.3 '26.0 ‘
3 6.3 126.0 "
" 4 5.6 24.7
H3 1 7.0 28.0 29.1 #1.7 1.6
2 6.9 27.5 -
- 3 7.5 30.0
4 7.7 30.8
~ L' 4
H4 1 6.9 ~ 25.5 g 244 %24 1.5
2 7.0 25.9
3 . 5.9 .22.0
4 6.4 24.1
HS. el 6.6 22,8 22.5 .3 1.4
e 2 6.4 22.1 :
3 6.4. - 22.1
i~ 4 6.6 22.8 ¢
" H6 1 6.3 . 18.9 . 19.5 £0.6 - 0.64
2 6.3 18.9 '
3 6.6 20.0
4 6.6 -20.0

[l

\-



Figure 13

»

o : [ 3
The Effect of Seasonal Variation 'on the -
Percentage of Total Protein Contained in
Alfalfa, Rapeseed, Tobacco, and Two Poplar
Clones (145/51 and DN;13) Leaves '

- { H = Harvest No. )

«

Tz
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varlatlon on the yield of pggteln once 1n terms of fresh

welght and another ln terms of dry welght, whlle Flgure 16,

" shows the effect of seasonal varlatlcn on the>ratlo of

: extracted leaf proteln to the total proteln content (Harvest .

: Table- XIV

\

The Ratlo of Extractable Crude ProteLn

-

-—_—

to Total Proteln Content per Dry Weight for Alfalfa

-

' Harvest Extractable . Total Ratio x 100
o ‘Protein? - Protein Ve
| (mg/g) e
w1 . 48.7. 26.5 18.3
H2 50.3 30.5,. ¢ 16.5
‘H3 ~ g0.s . 34.6 '23.3 } .
U . : ) . _
H4 ' 74.3 j . 33.8 22.6
L S _ .
s 47.8 29.5 16.2
He . 333 . 25.2

13.2

a Extractable Crude Proteln values are averages from

~ Tabide XIX

‘b Total Protein Content are averages from Table Ix

e et e

S e s
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Table XVA
. The Ratio of Extractable Crude Protein
to Tot§l Protein Contenﬁ'per.Dry Weight for Rapeseed
Harvest ' Extractakle f Total . Ratio x100
: . Protein? ProteinP '
(mg/g) . (%)

H 1 o 75.0 o 19.4 387
'H 2 : 58.4 . - 19,4 30.1

H 3 88.3 22.7 - 38.9

H 4 74.5 "~ 19.6 . 38.0

H 5 . 25.6 16.6 15.4

H 6 Y384 17.5 21.9

''a Extractable Crude Protein valueS\are averages from
Table XX .

b Total Protein Content are averages from Table X



=
Table, XVI
The Ratio of Extractaﬁle'Cfude.Protein
to Total Protein Content per Dry Weight for Tobacco
Harvest Extractable Total Ratio x100
Proteind Proteinb
(mg/g) ' (%)
H1 71.3 ' .- 29,7 24,0
H 2 | 78.0 ._ 33.1 23.6 .
H3 123. 0 | 39.5 31.1
. L)
H4 : 1200 33.5 35. 8
H S5 . 66.2 30.4 - 21.8
H 6 35.6 26.2 13.6

a Extractable Crude Protein values are averages from
Table XXI :

b Total Protein Content are averages from Table XI



Table XVII
The Ratio of Extractable Crude Prbteih'

to Total Protein Content per Dry Weight for Poplér 145)51
Harvest -Extfactable . Total Ratio x100
) Proteiné Protein

(mg/g) (%)

‘H 1 30 .0 23.2 12.9
H2 38 .0 25.2 . 15.1
H 3 60 -0 . 29.9 ©20.1
H 4 45.4 24.0 18.9 .
HS : 32.5 20.0 16.3
H6 21.9 . 18.6 - 11.8

a Extractable-Crude Protein values are averages from
Table XXII ' : ' '

b Total Protein Content are averages from Table XII

68 .
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Table XVIII

The Ratio of Extractable Crude Protein

e . ) C o ¢
to Total Protein Content per Dry Weight for Poplar DN11l3

Harvest . . Extractable . Totél : - Ratio x100
Protein® Protein -
(mg/g) - g (%)
H 1 - 32.8 23.4 14.0
H 2 | 39.0 \ ~ 25.0 13.6
H 3 ' 61.6 - . 29.1 21,2
H 4 ‘ j 47.4 e ' 24.4 : 19.4
Hs 32.5 22.5 - 14.4
H6 - 21.5 19.5 11.0

a Extractable Crude Protein values are averages from
Table XXIII '

b Total Protein Content are averages from Table XIII
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Figure-

s

14- The Effect of Seasonal Variation on

Extractable Crude Protein Obtained from
Alfalfa, Rapeseed, Tobacco and Two Poplar
Clones (I45/51 and DN113). Data are
expressed per g fresh welght
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Figure 15

The Effect of Seasonal Variation on
Extractable Crude Protein Obtained
from Alfalfa, Rapeseed, Tobacco and

Two Poplar Clones (I 51 and DN113).
Data are expressed ééé g dry weight.
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Figure 16 The Effect of Seasonal variation on the
Ratio of Extracted.cru&eProtein—to the

Total Protein Content.

'
PR S



82

-HARVEST 3 -

(— Q Q
w0, < ~ N
( d'L40%) NIZLOHd F1aVvLOVHIX 3

vHATVATY
Q3353dwv
000vE0L
15-Gp| WY 1dOd

€1 1 Na ’vidGd



83

4, Extﬁactable Phenol

Refluxing.with efhahoi was used to extract ‘the leaf’
phenols. The Folin—Cioéalteu Qas straightforward and it gave
‘reproducible results in each of the four réplicates of each
species. Tables XXIV, XXV, XXVI, XXVII and XXVIII report the
' ylelds of phenol per fresh and dry weight of the five dif-
ferent types of leaves. The yield of phenol was calculated
for both frésh and frozen leaves. The effect of seasonal
varlatlon con the amount of extractable phenols was also
studied to find the times of hlghest and lowest concentratlon'

(Figures 17 and 18).
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Figure 17 The Effect of Seasonal Variation on

the Amount of Extiactable'[eaf Phenol
from Alfalfa, Rapeseed, Tobacco and

Poplar (145{51 and DN113) . Concentration
in mg phenol per g fresh weight leaf.

- Fresh

Frozen
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Figure 18

The Effect of Seasonal Variation on
the Amount of Extractable Leaf Phenol
from Alfalfa, Rapeseed, Tobacco . and
Poplar (I,c -, and DN113}. Concentration
in mg pheng{ gier g dry weight leaf.

. Fresh
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5. Summer 1581 . s

In the-suﬁher of 1981 we were concenfréting mainly
on poplar leaves. This ié due to the following reasons;
the tobacco did not grow wgll, the alfalfa héd a virus
-diseasé and the répeéeea exhibited a very shoft growihg
season making it difficult to compare it to poplar plant
‘iﬁ its second growing season. In chaptef IV we will
discuss the results obtained ffom poplar leaves in the

second growing season.
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CHAPTER 1V
DISCUSSION AND CONCLUSIONS

A. Optimization of Protein Extraction

" The presence of phenolic compounds ahd high activity
of phenol oxidases in plant tissues results iﬁ browning of
extracts and,preveéts isolétion of active enzymes. To |
increase protein extractébility and decrease brqwning of the
protein extract, many protective agents have been used.
Polyvinylpyrrolidone is believed to act as a phenol—adsorbiﬁé
subétaﬁce (Loomis and Battaile, 1966). sulfite was found
to inhibit the oxidation of phenolic compounds in leaves and
their subsequent attack on proteins (Woodham, 1974). .

Mercaptoethanol seems to inhibit phenol oxidase and stimulates

the activity of some leaf enzymes (Welander, 1978).

1. Adsorption of Phenolics with Polyvinylpyrrolidone (PVP)

Figuré 10 shows the effect of adding polyvinyl-
pyrrolidone to the extraction medium on recovery of crude
protein.’ The use of 0.2% PVP in the homogenizaﬁion buffe?

yields the optimum production of crude protein {1.02 mg

protein/ml of leaf press juice supernatant, while without

97



98

adding BVP it is equal to 0.65 mg/ml). In 1976 Stroback,
and Gibbons refer in-their extractieﬁ method of Fraction-1
proteln {up to 65% of the "total soluble leaf protein) to

the use‘of 0.2% PVP in the extractlon buffer

5. Inhibition of Phenolics with Sulfite

The effect of adding eelfite in the extfactidn
.buffer on recovery of crude protein is shown in Figure 1l1l.
At pH of 7.4 the optimum protein.production occurred with
1% sulfite present (0.7 mg/ml). At analkaline pH of 9.0
similar amounts.of protein were recovered at 1% sulfite.
When the reducing agent was 5% the extractablllty .and
recovery was much higher, at about 1. on@/ml of leaf press
juice supernatant. Free and Satterlee concluded that,
sulfite increasesthe quality and quantity of the protein

extracted from leaf tissues (Free and Satterlee, 1975).

B. Characterization of Leaf Tissue

Plant leaves were collected duringhthe growing season
July to éeptember in summer 1980 and from June to Auéust in
summer 1981. Four species were chosen: alfalfa, rapeseed,
tobacco and hybrid poplar (two poplarclonesWere used,
145/51 and DN113).
To study the potential value of purified hybrid

poplar leaf protein isolates, it would be most useful to



99

cémpare thé e#tréctable protein to the crude protein
AEx£raqted from alfélfa, tobacco aﬁd rapéseed. :The latter
three protein isolates have been already wélllcharécterized'
by Qﬁher.workers (Pirie, 1971; Wildman, 1974; Brown et al.,
"1975). The present study also éttempted to‘study the effect
 0£ phenol on the amount ofjprotein extracted frdm_fqgest
foliage.

lComparison of the amount and characteristics of
protein extracted from poplar with those of alfalfa, tobacco
and’ rapeseed was very useful. The available information
concerning the preparation ;f coloriess, tasteiess and
acceptable pfotein broducts from alfalfa,'tobacco and

rapeseed leaves can be used in producing similar protein

products from hybrid poplar leaves.

1. Moisture Content (MC)

.The effect of sea%onal variation on percentage
moisture and comﬁarison between the moisture content in
hybrid poplar leaves and alfalfa, tobacco and rapeseed
leaves was observed (Figure 12). i

Poplar leaves are drier (145/51 average MC = 73%,
DN113 MC = 73.1%) than alfalfa (MC = 78.6%), tobacco
(MC = 88.1%) and rapeseed (MC = 88.2%). This may make the

extraction of protein and pﬁenol from poplar leaf more

difficult than from other leaves. Moreover, poplar leaves may

R
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néed‘more‘ext;action buffer than the others. Figure 12
shows that'no bigAvariation'was observed’ in the.moisture
content ‘at the beginning of the‘seaSOn'compgred‘wiﬁh that
at the end of it (e.g. poplar 145/51 MC in H1 = 75% and

in H6 = 68.5%). )

In summer 1981 moisture content of poplar 145/51
was 73% and DNL13 was 72.1%. Those values wera close to
those found in the first growing season. In 1977 Anelli

repqrted that alfalfa has 8l% moisture content. Wildman

mentioned that, tobacco leaf has érom.BO% to 90% water

(Wildman, 1977). According to Chen, hybrid poplar leaves
.(I45/5iy have 75% moisture content in July and 64% in Aﬁgust
(calculation based on g of dfy leaves per g of fresh leaves)
(Chen, 1979). Therefor there was no signific;nt difference
between the moisture content of poplar leaves grown in Kempt-

~
ville in 1980-81 and those grown in Orono in 1975~76.

2. Total Protein Content

fo study the ratio of the extractable protein to the
total protein in Léaf materials, it was necessary to determine
first the total protein content. The Micro—Kjeldaﬁl method
was efficient and there was good correlation of results.

The results in tables Ik, X, XI, XIT and XIII show

that, the total protein content in poplar leaf (145/51



101

average = 23.5% and DN113 = 24%) is slightly lower than in .

alfalfa ieaf'(TPCl='30%){but ?uéh lbwer.than‘in tobacco ‘.- :

'leaf (TPC = 32.1%): o B . .
| The effect.of seasoﬁal“véfiation~on thé total.protein

conteﬁt is iilu;trated in Figure 13. It is seen=thét, the

quantity of total protein.contené from boélar (I45/5l and

DN113), alfalfa and toﬁécco'leaveé increased from July to mid

August (e.g. I had TPC in July = 23.2% and in mid August

, 45/51 '

= 29,9%), but then decreased to the end of September (145/51
had TPC in H6 = 18.6%). Harvest 3 gave the highest quantity

| of totai“protein‘in $ll'speéieé. The total protein contents
were calculated in ferms éf-OQen dried weight. The total
-p&otein content in poplar leaves in 1981 (I45/51 = 21% and
DN113 = 20%) was slightly lower than that in 1980 (T45/51
23.5% and DN113 24%).

- Bojracharya et al.‘(l979)‘concluded that fresh
alfalfa leaf has 30% protein (basis dry weight). Also, tobacco
leaf has about 31;6% prot;ih(basis dry weight)(calculated |
from Kung et al.,1980 and Wildman,1977). Those results .

" are in agreement with the Kemptville field study. It also
means that, the method followed for total protein determina-

tion was accurate'(Micro—Kjeldahl method) .
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3. VYield of. Extractable Protein

Stroback and Gibbons mentioned a satisfactoiy'hethod
. g - - g 7
for the homogenization of leaf tissue with buffer containing

‘phenol iﬁhibitors_at neutral §H of 7.4. The efficiency of

thése inhibitors was tested on poplar material in this ' study

~and discussed earlier in this chapter. In our analysis we

- used Strobadk and Gibbons' method (Stroback and Gibbons 1978).

The seasonal variation andwtﬁe difference in the
yield of crude protein aﬁong'tWO hybr;d.pﬁplar'clonesand
aifélfa, tobacco and rapeseed.were séudieé in-fresh'leaves.

| In this fgsearch it was important to study the

. , & .
effect -of freezing on the yield of extractable crude protein

‘from leaves. This research started over more than one year

ago. Therefore, leaves had to be stored frozen for study
during winter time. Freezing is known to disrupt cellular

structures, and possibly frozen leaves would encounter
)
increased protein-phenol interference on extraction.

-

The effect of seascnal variation on the yield of
protein from 5 different plants studied here is illustrated:

in Figure 14. Working with poplar I and DN113,alfalfa,

45/51
and tobacco, the yield figures increased from the end of

July to mid August and then decreased to .the end of Sepﬁember.

in 1976

The same results were obtained from poplar 145/51

>

by Chen (Chen, 1979).

_10?
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Flgure 14 shows the yleld of. crude prote;n obta;ned

.from the fresh and frozen leaves of the*four dlfferent specresQ
Consrderlng fresh leaves only, it was observed that the yleld
‘of extractable crude proteln from poplar leaves (in H3 145/51
gave 15.6 mg/g and DN113 gave 15.4 mg/g) was lower than that
of alfalfa (16.1 mg/g) and higher than tobacco (12. 3 mg/g)
Expre551ng tpe data on a dry weight basis, the yleld of
extractable crude proteln from poplar leaves

45/5
60 mg/g and DN1l3 gave Gl 6 mg/g) was lower than that of

1 q:;ave

alfalfa (80.5 mg/g) or tobacco (123 mg/g) (Flgure 15).
The amount of protein recovered from poplar leaves in 1981

(I = 14, 4 mg/g-fresh welght and DNllB = 14.8 mg/qg)

45/51
was sllghtly lower than in 1980. Although tobacco and rapeseed

protein is greater on dry weight basis, they are similar to
poplar on fresh basis. This suggested that rhe harvesting costs
(and perhaps growing ,costs) would be similar on a per tonne or
.hectare basis.. ' |
It was also observed from Figure l4,_that freezing
of leaves decreases the yield of extractable orude protein.
‘ The decrease in the'yield of extractaole crude protein
recovered from poplar.ieaves (145/51 gave 9.3 mg/g and DN113
gave 9.5 mg/g) was larger than that in alfalfa (15.3 mg/qg)
and tobacco (10.5 mg/g). In 1972 Lu et al. mentioned that,
greater extractablllty of undenatured proteins was cbserved
when fresh leaves were used for extraction (Lu et al., 1972).
As was found for extraction eff1c1ency, ‘the lower
values recovered from poplar leaves, when compared with
that of alfalfa and tobacco are probably due to the
inefficient extraction‘resulting from relatively higd fibre

/
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content and low-moistnre content.in‘the poplar leaves and
the.interference of other chenmical components in the leaf
tlssues (e g ‘phenol compounds) as dlscussed in the next
‘section.This should be tested in further research

Kohler et al. (1978) reported that 90 mg/g crude
protein could be extracted from‘alfalfa leaves (baSlS dry~
weight). About 150 mng/g crude protein-was extracted from
tobacco leaves'(calculated from Wlldman, 1977.and Kung et
_al., 1980). In 1979 Chen concluded that in the first growmng
season o% 6 different.clonesof hybrld.poplar the yield
values from the leaves ranged from 14.0 mg/g to 50 8 mg/g
(organlc solvent used for extraction) and from 6.1 mg/g to

- 41.2 mg/g-(heat coagulation used).

4. Ratio of Extractable Protein to the Total Protein Content

The effect of Seasonal variatipn on the ratio of the
extractable crude protein te the total was studied. "As shown
in Tables XIQ,.XV, XVL, ¥VII and XVIII the ratio of extractable
crude protein to the total increased fromlJuly to mid August
and then decreased to the end of Seotember. Also the ratio
in case of tobacco leaves (ﬁ3 = 31.1%) was higher than that
of alfalfa(=23.3%)amdpoplar leaves (145f51 = 20% and DN113
= 21%) (Figure 16).

Tn 1972 Lu and Kinsella reported- that the yield of

protein extracted under standard, procedure was approxlmately

et ) .
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‘30% of the total proteln content About 48% proteln extracted

.out of the total in tobacco leaves (calculated from Kung, 1980

and Wlldman, 1977) . Chen reported that, when usmng coagula-

" tion technlques for proteln recovery from the leaves of 6

dlfferent pOplarclones,the crude proteln extracted ranged

from 4.34% to 33. 52% of the total protein w1th heat coagula—

rtion and from_lO% to 41.33% of the total proteln with organic

solvent. The lower valdes provided here, when compared with
that reported'in“the literature are prcbably-due to the
simple and fast methods followed in the extractlon (homodeniza-
tion, filteration and centrlfugatlon) and determlnatlon of the
crude proteln (Blo—Rad).

In order to increase the extraction efficiency one
should be aware of the fact that.tﬁe cell walls should be
well—rupturaieo as to release protein contained inicellular

o

material for elution from plant tissue. Boyd (1968) pointed

. out that the extraction efficiemcy depends on some other

factors such as leaf species and stage of maturity. Two
other factors are tlhie chemical composition and the pH of the
extraction ae mentioned by Lu and Kinsella (l§72).

Lugg (1939) was the first to notice that, when 
macerating plant materials, fibrous debris tend to act as a
filter and hold back the chloroplasts which contain up_tc

80% of the total leaf protein (Kohler et al., 1978).
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5. Yield of Extractable Phenolics

A‘sﬁCCessful method-modiﬁied from.thé'meﬁﬁodé of

' swain and Hillis (1959) and Eskin et al.’ (1978) was used

for the ektractioh of phenol from éop;ar,valfélﬁa; rapeseed
and tobacéo. The basié proceture fof this méthod involved
extraction by refluxiqé the ;eaf material twice with 80%
ethanol at pH of 4.0. . In 1977 Lahiry c0n¢iu6ed that LPC

has been shown to have chlorogenic acid bound to its protein’
mdlecules. Chlorogenic acid was therefore'ﬁsed as alphenolic
standard in the presenf assays.

-

. In order to study the effect of?;;éezing conditidn
on the yield of phenol, the difference on fhe yiéld of,phenol
amoné paplar (145/51 and DN113), alfalfa, tobgéco and rapeseed
was observed in the fresh and frozen leaves. ‘Also, it was
very important to observe the effect of seasonal vaiiation
on the yield of phenol in order to find the times of highest’
ahd lowest concentrétiohs of phenol.

The results in Figure 17 show that the yield of
.extractable phenoi from‘poplar leaves basis fresh weight
(in H3 145/51 gave 46 mg/g and DN113 gave 47 mg/g) was much ‘
higher than that of alfalfa (11.0 mg/g) or rapeseed (4.5 mg/g)
and higher than that of tobacco (21.5 mg/g}). The yield of
phenol recovered from pbplar ledves basis dry weight (in H3

T4s/5, = 177 and DN113 188 mg/g) was higher than that of

alfalfa (55 mg/g) and rapeseed (41 mg/g), but it was lower
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'_than that of tobacco (215 mg/g), Flgure 18. 1Poplar, beiﬂgr'

Ta woody plant, would be expected to be rlcher in phenolic
materials. . However, tobacco may have been selected as a
smoking substance because of its high dry welght proportlon
of.phenolice,' |

‘Thé amount of phenol extradcted in the second growing .

‘season (145/51'=.30 mg/g fresh weight and DN113 = 29 mg/g)
") lower than that of the first grow1ng deason.- .

In the study of the effect of free21ng of leaves on
the yield of phenol, it wasrobserVealthat, freezing of leaves
decreases the yield of phenol. The decrease in the yield.of
phenor recovered from poplar leaves (in H3 145/51 gave‘36
and DN113 gave 36 mg/g) was iaf@er than that of alfalfa
(8.4 mg)g), rapeseed (4.0 mg/g) and tobacco (17.0 mg/g).

Possibly more phenol is bound to protein making both less

extractable.

The Effect of Seasonal Variation on the Yield of Phenol

-

As shown in Figure 17, the yield values reco&ered
from both poplar clonesI,s 5y and DN113, alfalfa, rapeseed
and tobacco, lncreased slightly from July to mid August and
then decreased to the end of September..  As far as 1s known,
1ittle work has been done on the extraction and determination

of phenols from poplar leaves.
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C. Conclusions

‘l. : Tﬁe corfect conaitions‘have beeo'develooed for isolating'
'poplar protelns with minimal interference from phenollc com-
pounds Sulfite (1- 5%) .and polyv1nylpyrrolldone (0.2%) in

the extraction medium or added to ‘the press juice allow the
optlmal recovery of crude protein concentrates with minimal
coloring. Then we can produce a pure white proteln isolate

for use not only in animal feedlng but as a component of

the human diet.

2. Seaeonallvariation, extraction techniques, leaf
meterials and species variation have significant infltence -
on both yield of extractable protein and the ratio of the

extractable protein to the total protein.

3. Plant leaves such as those of alfalfa, tobacco, '
rapeseed and poplar leaves contain from 75 to 90% water and

from 10 to 25% solid matter.

4, Poplar leaves are drier than other leaves which may
make the extraction of poplar leaf protein and phenol more
'difficult than from other species with leaves of higher
moisture content. On the average, poplar leaves are 12.3%

drier than the other leaves.

5, The greatest percentage of protein is extractable in

mid August.
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6. ;. Free21ng of leaves 51gn1flcantly decreases the yleld
of both extractable proteln (by average ‘of 32% ln case of
poplar 145/51) and phenol.(by average'of 18.5% in case of
poplar 145/51) most probably due to the 1nteract10n between
the phenol and proteln caused by the rupture of vacuolar
membranes. Use of fresh leaves increase theleffrCLency of

protein extraction. . .

7. Theamountslof protein and phenol recovered from
pdplar leaves ia the second growiné season were slightly
lower than those recovered in the ‘first growing season.
This is_proBably due to the use of different equipment

'in the process of extraction and determination.

8. . Field studies'were carried out to try to compare
poplar protein with leaf proteins from other plants. Some
of them already have been shown to yield commercial protein
producrs (e.g. alfalfa leaf protein concentrate); ‘Thea
results éhow that pr;tein recovered from poplar leaf (in

H3 145/51,clonegave lS.J md/g basis fresh weigbt) ﬁas
slightly lower than that of alfalfa (if.gave 16.1 mg/g)

and higher than that of tobacco (it gave 12.3 mg/g}.

i

9. The present study is the first comprehensive field
study to detall the protein and phencl contents in poolar
leaves in comparlson to those of other leaf protein sPec1es

grown in the same field site.

i
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S APPE/BIXI
THE AMING. ACID COMPOSITION OF PROTEIN
RECOVERED‘F‘ROM HYBRID POPLAR. LEAVES
C O (CLONE Iyg/sp)
‘ ) ; —~
1. Introduction - B
Except for.!;tﬁionine, the amount of amlno ac1ds in
leaf'protein eith;Q :;et or exceed the standards of the.
preeisibnal pettern of essential amino aelds deemed optlmaln
. for human nutrition by-the‘UN Food anarAgricultural
_Organizetioh (Wildman, 1977) . . - . | .' ,7

. . .
In 1979 Chen reported that the amino acid composition

‘0of poplar leaf protein concentrate (PLPCj was similar to those
found in other leaf protein concentrates and lower in

methionine, lysine and isoleusine than those of animal proteins.

He also found that the essential amino acid content of poplar

leaf protein concentrate is higher than the minimum values

recommended by .the FAO for human nutrition. (Chen, 1579) .
' )

\\Chen used dlfferent techniques in the coagulatlon proeess of

Bbgigf‘leaf proteln cancentrate, a01d, organic solvent and-
heat precipitation techniques. .Howeﬁer, in the pgesent study

poplar leaf protein was recovered in an aqueous extract. To
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_'compare'the quality'oflthis crude'poplar protein, the amino
acidﬁcompositioh'was determined.

2. 'Experimeﬂtal Procedure

| The amino acid composmtlon of poplar leaf proteln was
determlned on the Durrum automatlc amino acid analyzer
accordlng to the method of Spackman, Stein and Mcoore

{Spackman et al., 1958). ‘Freeze—drled poplar leat protein.

(1 mg) was dissolved in dlstllled water (100 ﬁl) One
‘hundred microlitre samples were hydrolyzed with 100 ul of
-concentrated HCl {Baker Analyzed) in evacuated sealed tubes

at 104~108 o Dupllcate samples weré hydrolyzed for 24 hours..

After hydroly51s the tubes were cooled, opened, and dnled
over NaOH pellets and P205 in a deszccatorw1th011 pump
vacuum. The dried hydrolyzates were dissolved in (200 pul)
sodium citrate buffer, pH 2.2, according to standard procedure.
'Twenty microlitre aliquots of'each hydrolyzate were analyzed

on a Durrum amlne acid analyzer The 1nd1v1dual amino acids

were expressed as grams per 100 grams recovered amlno acids.
3. Results , v

Poplar leaveswerehomogenized.in the necessary buffer,
then the homogenate was filtered and centrifuged. Finally
the supernatant freeze—dried to produce powder of poplar

leaf protein for use'in amino acid analysis. During the,
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ac1d hydroly51s, cyshlne and tryptophan were destroyed and
were omltted from ‘the calculatlons."Also, some of the
methlonlne was converted to methionine Sulfoxide‘and some
was destroyed. .Eecahserf analysis costs other .preparation
methods were not used to obtain the values of those amino
‘acids (cystlne,tryptophan and methlonlne)

The results of the amlno acid analyses of poplar
leaf protein_ are given in Table XXIV. Two samples of

protein were hydrolyzed with 6NHC1 for 24 hr.



TISSEe 0 . .+ Table XXIV

-_\ : Amino Acid Arialyses of Poplar Leaf Protein

{g amino acid/100 g recovered amino acids)

Amino ' Average of FAO® ‘ proc?
Adid ‘ Two- Samples - {e.a.a)
Aspartic acid 12.4 : 8.96-12.92
Threonine ' . 6.2 2.8 4.44-5.14
Serine . 8.0 4.4 -5,72
Glutamic acid 12.4 11.08-30.76 ¢
Proline 5.1 4,29-6,11
Glycine 10.9 4.49-7.10
Alanine 9.4 : - 4.08-7.20
... Valine 4.9 " 4.2 5.7 -7.08
Methionine .4 2.2 1.21-2.10
Isoleucine 4.3 4,2 4,09-5.17
Ieucine 7.8 4.8 7.48-10. 06
Tyrosine 3.0 2.8 3.32-4.5
Phenylalanine 3.6, 2.8 5.73-6. 67
Histidine 1.4 1.24-3.53
- Lysine 6.0 4.2 4,17-6.84 -
Arginine 3.6 4,38-11.85
 Tryptophan o 1.4 1.17-2.65.
Total of Essential 37.5 . . 29.4 ‘ 37.30—50;27

" Amino Acids-

a Food and Agricultural Organization (Thelprovisioﬁal pattern
of essential amino acids) . :

b Poplar Leaf Protein Concentrate (Chen, 1979)
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4. Discussion and Conclusion

Tablé_XXIV shoWs'ﬁhét the_amino acid comﬁosiﬁiop,df
_ieafjérotéin'?xtréctéd by §ﬁr Siﬁple'and répid a@ueous
extraction.metﬁod WasAapproximateiy the-same as that feported-
- in 1979 by Chén. ‘The'amountsrof serihe, Qlycihe and alanine
_weré h;gher than Chen's.résults. Also, the amount of
méthionine was loWerqlprobabiy,some of if was-gonverted to‘
methionine sulfoxidé or destroyed ‘during the acid hydroiysis.
In additdon, the same: Table shows that the amounts of tﬁe_
essenfial émino ééﬁds found in poplar ;eaf pfofein‘(except
méthidninei were ﬁigher,than_the»miﬁiﬁum values recommended
by the FAO. Theée results are in agreement with Chen's

results concerning essential amino acids.
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