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EFFECT OF HEAT ON THE DIGESTIBILITY OF LEAF PROTEINS

Part 1.—Toxicity of the Lipids and their Oxidation Products
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The digestibility of the leaf protein concentrates (LPC) by enzymes, decreased when they were heated at 100°C
This seems to be due to the oxidation of the highly unsaturated lipids present in the proteins.

The oxidation products of

the lipids and their polymers with proteins were toxic to trypsin, pepsin and the enzymes of pancreatic extract.
However, the digestibility of the heated as well as the fresh protein samples increased when the protein was defatted

with chloroform-methanol.

Introduction

Leaf-protein concentrates (LPC) are of in-
creasing interest in the supply of high-quality
protein. The LPC contains higher proportion of
essential amino acids, with the exception of lysine,
isoleucine and methionine, than many animal
food-stuffs.T The biological value of LPC has
been reported to be higher than the values for
beef, casein, soyabean and yeast.? The quality
of the product could be further improved by
supplementing it with methionine.* However, the
high moisture contents (60-759%,) and the presence
of enzymes in the concentrates affect its nutritional
as well as keeping qualities.

Heating of the fresh cake increases its shelf-life
but affects the quality of the product.3 This has
been attributed to the denaturation of the pro-
teins. The presence of highly unsaturated fatty
acids in the lipids of LPC#4 also affects its quality.
The oxidation products of unsaturated fatty-acids
have been reported to be toxic to many enzymes. 5
The present work was carried out in order to
study the effect of heat on the digestibility of
LPC and the toxic effect of oxidation products
of the lipids on the proteolytic enzymes of human
digestive system.

Experimental
ProTEIN EXTRACTION

Leaf-proteins were extracted from a mixed crop
of Trifolium resupinatum (shatalla), Medicago sativa
(lucerne) and Brassica compestris (sarson) by the
method of Morrison and Pirie. 9 :

Dryine or THE LPC

500 g lots of the homogeniéed LPC were heated

at 60°, 80° and 100°C: under identical conditions.-

The dried product (D.M. 90%,), was ground and

the protein which passed through a 6o-mesh sieve
was used in the experiments. The samples were
stored at -10°C.

REMovAL oF THE Lipips

50 g lots of the LPC were defatted by the
method of Folch et al. and the lipids present
in the extract were estimated by evaporating it at
55°C under reduced pressure. The defatted pro-
tein was heated at 40°C under vacuum to remove
the solvent present in it.

PREPARATION OF PANCREATIC EXTRACT

Fresh pancreas were purchased from the local
market and freed from the adherent fat and the
external membranes. 600 g of the defatted pan-
creas were deep frozen, cut and minced in ice-cold
water. The blend was quickly filtered. The
process was repeated twice and 8oo ml of the
extract was obtained.

NITROGEN DETERMINATION

The nitrogen determinations were made by a

micro-Kjeldahl’s method wusing the copper-
selenium catalyst.  Proteinous nitrogen (PN)
and non-proteinous nitrogen (NPN) in the

samples was estimated as trichloroacetic acid
(TCA) insoluble and TCA soluble N respectively.
The protein contents of the samples were cal-
culated as protein N x6.0.8

DETERMINATION OF DIGESTIBILITY

Trypsin and pepsin (E. Merck) and the enzymes
present in the ox pancreas were used for determina-
tion of the digestibility of the protein samples.

1.0 g of the protein samples was suspended in
20 ml of the buffer and incubated at an optimum
temperature after the addition of the enzyme.?
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The samples were taken after 3, 6, 9 and 24 hours.
The undigested protein present in 2 ml of the
suspension was precipitated by the addition of
2 ml of 209, TCA. The samples were centrifug-
ed at 2500xg for 20 minutes and the nitrogen
contents of the supernatant (NPN) was deter-
mined. The NPN x6.0 is referred in the text
as digestible protein. Blanks were run to find the
extent of autolysis of the enzyme and the hydro-
lysis of the protein during incubation.

Results and Discussion

LPC (D.M. 25.09%,) contained 18.69, chloro-
form-methanol extractable lipids, whereas the
samples dried at 60°, 80° and 100°C yielded 18.8,
19.0 and 18.09%, lipids respectively. ~ Amount
of lipids extracted with petroleum ether (40-60°)
was 10-11%,.

10.19%, of the protein present in the fresh cake
was digested after g hours of incubation in the
presence of trypsin (Table 1a). Drying at 60°
and 80°C affected the digestibility of the protein
only slightly, indicating that the excessive pro-
duction of simple peptides during heating coun-
terbalanced the loss in the digestibility of LPC
due to the denaturation of the protein and forma-
tion of oxidation products of the lipids. However,
the sample heated at 100°C showed a marked

decrease in digestibility. This seems to be due
to denaturation of the protein as well as the for-
mation of protein complexes with lipids*° and
carbohydrates.T

Extraction with CHCI;-CH;OH raised the
tryptic digestibility of all the samples except that
dried at 80°C, which was slightly lowered. The
higher digestibility of the defatted samples proved
that the lipids and their oxides, produced during
heating, were toxic to trypsin and hence responsible
for the decrease in the digestibility. The decrease
in the digestibility of the sample dried at 80°C
(defatted) appears to be due to the removal of
simple peptides by CHCI;-CH;OH which ex-
tracts non-lipids as well. This was confirmed
when petroleum ether (40-60°) was employed
for the extraction of the lipid (Table 14.)

Pancreatic extract digested §9.09%, of the pro-
teins present in LPC after 33 hours (Table 1B).
Drying at 60°C did not affect the digestibility,
whereas heating at 80° and 100°C appreciably
lowered it. The decrease in the digestibility
could be due to toxicity of the oxidation products
of the lipids as well as denaturation of LPC. The
extraction of the samples with CHCI;-CH;OH
established the fact that the loss in the digestibility
was mainly due to the toxic effect of lipids and
their oxides.

TaBLE 1.—DicEesTiBiLITY OF LPC.

Time % digestibility % digestibility of 9% digestibility of %  digestibility of
Enzyme in of LPC LPC dried at 60°C LPC dried at 80°C LPC dried at 100°C
hours — —~ — - g =
Whole  De- Whole De- De- Whole De- De-  Whole De- De-
fatted* fatted*  fattedd* fatted* fatted** fatted* fatted**
A. Trypsin 250 mg 3- 4.10 Sl 4.98 5.76 6.15 4.47 4.73 7.61 3.63 4.69 - 7.24
6- 8.67 8.34 7431 8.48 7.96 6.29 5.26 9.62 5.07 4.83 8.43
9- 10.14  11.68 8.63 975 S 0B 7.42 82214 12166 5.94 6.86 10.82
24- 8.13 18.34 5.06 10.94 13.52 9.89 7160 13.15 3.46 8:80°:-13.32
B. Pancreatic extract 1 ml  3- 10.46 8.09 5.62 .02 4.42 5.39 1.38 3512
6- 13;57 =17.66 8.12 12.06 8.35 10.55 4.21 4.83
9- 17.88 .  22.63 . 10.82 .16.13 7.00 ...13:22 7.41 10.18
24- 3015, 3272 26:86 . 28.65 21.65 24.03 15.62 20.25
27- 30.18 38.48 29.61 31.87 23.49 22.54 18515 21815
30- 36.22 41.26 31.11 33.87 05,737 27,714 20.17 23.44
33- 38.98 41.56 39.95 35.49 25.02 29.92 22.89  23.63
48- 31.10 45.60 34.95 39.95 26.69 34.21 13.21  30.24
C. Pepsin 600 mg 3- 15.00 - 17:13 7.04 15.69 9.39 9.23 11.68 9.28
6~ 1908 21T 9 = S LIT9 =6 02 10.42 13.10 14.70 921
9- 21.55"  25.10" 16,13 22.02 12.58 16.34 16.32 14.86
24- 28.26 48.24 25.58 41.79 18.03  26.30 25.80 20.60

* By chloroform: methanol (2:1)
** By petroleum ether.
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All lipid-containing samples except those dried: -

at 80°C showed a decrease in NPN after g and 33
hours of incubation with trypsin and pancreatic
extract respectively. The decrease was maximum

in the case of the sample dried at 100°C. This’

decrease in NPN can be attributed to adsorption
of amino acids on the lipids and their oxides or
the interaction of metabolic products of the enzy-
mic reaction with the enzymes. Venolia and
Tappel 2 while studying the formation of brown
colour in the emulsions of the menhaden and
herring oils with the aqueous dispersions of egg
albumin observed that the rate of formation of
brown colour was a function of the pH and that
the adsorption mostly took place at a pH in-
clined towards - alkalinity. - As this decrease.in
NPN was only observed at pH 7.0 and not at
pH 1.8, it is evident that it was due to the ad-
sorption of amino acids. on the oxides. of lipids.
This was further confirmed by ‘the results of the
experiments carried out -with defatted samples.
The exceptional behaviour of the sample dried
at 80°C can be attributed .to the excessive pro-
duction of simple peptides which were  easily
attacked by trypsin. e,

28.39, of the protein present in the fresh cake
was digested. by pepsin after 24 hours of incuba-
tion (Table 1¢.). The digestibility:seems to have
decreased only slightly in case of the samples dried
at 60° and 100°C. However, it was seriously
affected when the sample was: dried at 80°C.
Although drying at elevated temperatures severely
affects the quality of the protein, the loss in the
case of the sample dried at 100°C seems to ‘have
been compensated by the simultaneous production
of large amounts of simple peptides which were
easily attacked by pepsin. This was confirmed
by the results of the experiments carried out with
defatted (CHCIl;-CH;OH) samples.

Trypsin digested 18.39, of the fresh defatted
LPC after 24 hours of incubation, while the diges-
tibility of the protein dried at 60°C: (defatted) was
10.9% (Table 14a.). This decrease in the diges-
tibility was caused by the denaturation of proteins

during heating:and ‘the removal of simple peptides
by CHCI;-CH;OH. LPC dried at 60°C and
defatted with petroleum ether showed a diges-
tibility of 13.5%, instead of 10.99%, in case of
CHCI;-CH;OH,  which confirmed that the
decrease in the digestibility of the latter was partly
due to the removal of the simple peptides by
CHCI;-CH;0H. '

In view of the above discussion, it can be con-
cluded that lipids and their oxidation products
produced during heating are toxic to trypsin,
pepsin and the enzymes present in the pancreatic
extract and the loss in the digestibility of the
heated LPC samples was mainly due to these
oxidation products: L5
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