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The effects of heat treatment on the nutritive value of coconut
meal, and the prediction of nutritive value
by chemical methods
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Coconut meal, the residual product after extraction of oil from the dried flesh of
the coconut, is available in many parts of the world. In large areas of the tropics it
is the only locally produced ingredient of feeding-stuffs that contains moderate
amounts of protein (18-25 9, of the dry matter). The results of research on the nutri-
tive value of this product are, however, disappointing, and the tendency is to use coco-
nut meal in ruminant feeding rather than in the diets of non-ruminants, although it is
for the latter that the need is more urgent. Results for the nutritive value of coconut
meal have been reviewed by Mitchell, Hamilton & Beadles (1945) and Curtin (1958).

It would seem likely that a considerable amount of damage is done to the protein
of coconut meal during processing and that a product of better quality could be
obtained were less severe methods used. Jones, Finks & Johns (1923) found no differ-
ence in biological value between solvent-extracted and screw-pressed meals, but later
experiments by Mitchell et al. (1945) demonstrated that coconut meal produced by an
extraction process in which the temperature never exceeded 75° had a higher biological
value than a product prepared by the ‘usual drastic methods’.

Various workers (Lea & Hannan, 1950; Henry & Kon, 1950; Bensabat, Frampton,
Allen & Hill, 1958) have shown that one of the changes accompanying severe process-
ing conditions is a combination of the e-amino group of lysine with the keto group of
a carbohydrate. It has been suggested that this reaction biologically inactivates the
amino acid and it has been shown that for certain proteins the measurement of
‘available lysine’ provides an indication of nutritive value (Carpenter, Ellinger, Mon-
roe & Rolfe, 1957; Lea, Parr & Carpenter, 1960; Clegg, 1960; Boyne, Carpenter &
Woodham, 1961). In view of the fact that figures quoted by Curtin (1958) and Peters
(1960) indicate that lysine is the most limiting amino acid in coconut protein, it is
probable that inactivation of lysine during processing is one factor contributing to the
low nutritive value of commercially produced coconut meal.

It has been shown for other feed ingredients that the solubility of protein in various
solvents is decreased by heating and that this effect may be indirectly related to
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nutritive value. This aspect as well as others concerned with the evaluation of protein
quality by chemical methods, has been extensively reviewed by Duckworth (1955) and
Grau & Carroll (1958).

To investigate these effects, samples of coconut meal were prepared in the laboratory
and subjected to various degrees of heat treatment. The resulting products were then
evaluated by both chemical and physicochemical means (the determination of available
lysinc and solubility in various solvents). So that the effects of heat treatment on
nutritive value could be examined, determinations of net protein utilization (NPU)
were made with the rat. This biological evidence also allowed comparisons to be made
between assessment of NPU and chemical methods, so as to find out whether one of
them could be used to predict nutritive value. Such predictions could be of value in
evaluating different methods of processing and also in estimating the nutritive value
of a meal when time or facility for biological determinations is not available.

EXPERIMENTAL
Preparation of samples

Locally produced sun-dried copra was obtained and after grinding was extracted
with cold light petroleum (b.p. 62-82°) in a vertical column until the oil content was
reduced to about 8%, The residue was divided into six samples. One sample was
subjected for 30 min to go, 105, 120, 135 or 150°. Heating was carried out in a forced-
draught oven, and the samples were gently agitated from time to time to ensure even
exposure to the heat. The sixth sample was dried at 40° under reduced pressure. Ina
preliminary experiment it had been shown that these treatments gave a range of heat
damage from negligible to severe; they were also similar to the temperatures and
times encountered in the screw-press method of oil extraction. The product contained
before heating: moisture 126, crude protein 23+6, crude fibre 10-0, ether extract 8-2,
ash 6:09, (air-dry basis).

A commercially manufactured (screw-press) sample was also included in the tests
for purposes of comparison.

Biological measurements

NPU was measured by the method of Miller & Bender (1955) with 30-day-old white
rats of the Wistar strain, bred in the Physiology Department, University of the West
Indies.

The ratio, body nitrogen: water content of rats of this colony 1-50 days old had been
previously determined; variability was found to be within the limits of biological
variation inherent in the measurement of NPu. Body N was therefore calculated from
the water contents of the animals’ bodies by means of the mean N:water ratio.

N digestibility was determined over a 7-day period with similar animals. The
formula used to calculate true N digestibility was:

FN—(FaN — FaN,)
FN

where FN = dietary N intake of the animals on the experimental diet, FaN = faecal

true N digestibility =
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N of the test animals and FalV, = faecal N of the animals on the non-protein diet.
Crude protein was determined by the Kjeldahl procedure, a factor of 6-25 being
used.

Chemical and physicochemical measurements

Available lysine was estimated by the method of Conkerton & Frampton (1959)
which had previously proved satisfactory for determining available lysine in vegetable
protein concentrates. It depends on the reaction of the free e-amino group of lysine
with 2,4-dinitrofluorobenzene, yielding after hydrolysis e-2,4-dinitrophenyllysine,
which is determined spectrophotometrically. Recovery checks were made on repre-
sentative samples by the addition of 25 mg e-2,4-dinitrophenyllysine to samples for
parallel determinations immediately before hydrolysis.

Fractionation in various solvents was done by the method of Lund and Sandstrom
(1943) into albumins, globulins, prolamines and glutelins, depending upon their
successive solubility in water, 59, (w/v) HCI, 70 %, (v/v) ethanol and o-2 9, (w/v) KOH,
respectively; any protein insoluble in these solvents was called ‘residual protein’.

Solubility was determined in o0-02 N-NaOH by the method of Lyman, Chang &
Couch (1953) and also determined in 6 N-HCl and in o-5 M-NaCl by similar methods.
It was found that centrifugation was insufficient to clarify the solutions unless high
speeds were employed, and filtration was therefore used.

Besides the above-mentioned samples assayed by biological and other methods,
other samples of coconut meal were collected from various sources, and their available
lysine contents were determined to obtain an approximate measure of the variability
to be expected among commercially available samples.

RESULTS

The values obtained for Nru and the coefficient of true N digestibility are shown
in Table 1, together with the calculated biological value. There was a distinct decline
in nutritive value as the degree of heat treatment increased.

Statistical analysis of the results revealed the following:

(1) There was no significant difference between the mean NpU values of the coconut
meal vacuum-dried at 40° and of that treated at go°.

(2) No significant differences existed among the meals treated at 105, 120 and 135°
and the commercial meal.

(3) The NpU of the meals treated at 40 and go° each differed significantly from that
of the meal treated at 150° (P < o-01) and from that of a commercial meal (P = 0-05).

(4) The differences in NPU between each of the meals treated at 105, 120, 135° and
that treated at 150° were significant (P = o-05).

The results of the various chemical and physicochemical methods used together
with the correlation coefficients between these criteria and Npu, with the levels of
significance at which they were different from zero, are set out in Table 2.

It will be seen that positive correlations always existed except for residual protein,
for which the value was negative.

The closest correlations were between the values for available lysine and nNpU

29 Nutr. 17, 4

ssaud Aissaniun abpriguie) Ag auljuo paysliand £700£96LNIE/6£01°01/B1010p//:sd1y


https://doi.org/10.1079/BJN19630047

448 M. H. ButrterworTH AND HELEN C. Fox 1963
(r = 0-91; P < o-o1) and between those for HCl-soluble protein and NPU (r = 0'go;
P < oo1).

Values for available lysine for the miscellaneous samples collected are given in
Table 3, together with type of production conditions when known. Values for NpU
computed from the available-lysine values have also been given.

Table 1. Net protein utilization, digestibility and biological value of coconut meal
subjected to various degrees of heat treatment

Temperature of Protein Coefficient of Biological
treatment content true N value (by
°C) (%) NPU®* digestibility® calculationt)
40 253 4579 (3) 777 (2) 59'1
90 258 41-0 (3) 783 (2) 524
105 263 361 (3) 74'6 (3) 484
120 25'6 358 (2) 73'3 (2) 488
135 26-4 339 (2) 682 (2) 497
150 263 17°1 (4) 56°1 (3) 305
Commercial 25'4 300 (3) 750 (2) 400
sample
Standard deviation — +539 +352 —
® No. of determinations in parentheses.
NPU X 100
1 —— -,
+ Calculated as digestibility

Table 2. Amounts (%) of total protein soluble in various solvents, available-lysine content,
and correlation coefficients between these values and net protein utilization, for coconut meal
subjected to various heat treatments

Taotal protein

solubility in: Lund-Sandstrom fractionation
Temperature . A— ~ . A —  Available
of treatment o'5 M- ©'02N- Prol- lysine
°C) 6N-HCl NaCl NaOH Albumin Globulin amine Glutelin Residual (g/16 gN)
40 55'4 504 271 153 34’5 2:6 17°1 305 329
90 57's 502 266 167 377 -8 17°4 264 309
10§ 484 458 25'4 144 338 14 151 353 281
120 428 152 19°9 9'4 89 1°4 160 643 2°34
135 201 68 62 54 12 o7 41 88-6 163
150 70 3'9 21 3-8 o6 o6 14 936 1°12
Commercial 242 6-8 55 56 18 03 41 882 1-98
sample
Correlation 090 o-78 o84 o-82 74 074 o83 —0'73 091
coefficient
between
value and NrPU
Level of sig- X3¢ 0°05 0'02 005 o010 o010 005 010 o'or
nificance, P <
DISCUSSION

The values obtained for available lysine were in reasonable agreement with the value
of 4-1g/16 g N for total lysine obtained by Peters (1960), if it is assumed that the lysine
is about 809, available. This level of availability is similar to that obtained by Clegg
(1960) for the percentage availability of the lysine in dried-milk powder and to values
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determined biologically for various materials of both vegetable and animal origin
and quoted in a recent review by Guttridge (1962).

The values for total lysine quoted by Curtin (1958), which ranged from 2-2 to
2:8 g/16 g N, are considerably lower than would be expected from either the values
found by us or those of Peters (1960), but it is clear that there is wide variation among
samples of the material.

Table 3. Contents of available lysine and the predicted net protein utilization of
various commercially produced samples of coconut meal

Origin of sample and Available lysine NPU
method of preparation (g/16 g N) (predicted)
1. Trinidad;* 1-98 307
screw-press
2. Trinidad; ogb 200
screw-press
3. St Luciat 207 316
4. France (A); 256 36-8
solvent
5. France (B); 249 360
solvent
6. UNICEF; 369 483

solvent (prepared
for human con-
sumption)

7. UK expeller 2'19 329

* Used in determinations reported in Tables 1 and 2.
1+ Method unknown.

The mean recovery of 2,4-dinitrophenyllysine was 80 %,, which was similar to the
74 % obtained by Carpenter & March (1961) using the method of Carpenter (1960)
to determine the availability of lysine in groundnut biscuits.

The results of the NPU determinations on the vacuum-dried meal were in good agree-
ment with values of 48 and 50 obtained by one of us (H.C.F.) for fresh solvent-extracted
coconut meal prepared from coconuts grown in Jamaica. The biological value of this
meal was similar to that of 58 reported by Mitchell & Villegas (1923), but lower than
that (71) reported later by Mitchell et al. (1945) for a solvent-extracted meal during
whose processing the temperature did not rise above 75° It seems likely that the
inferiority of our vacuum-dried meal to this solvent-extracted meal was due less to
processing conditions than to differences in the copra from which the meals were
made, as it has been shown in the work described here that little deterioration in
protein quality is to be expected between temperatures of 40 and go°. The low NpU
obtained for the untreated copra meal used in these experiments was partly due to the
low N digestibility, 78 9, which is somewhat lower than that of 869, obtained by
Mitchell et al. (1945) and 89 %, obtained by Smuts & Malan (1938). In preparing the
samples of coconut meal, no attempt was made to reduce the fibre content, and the low
digestibility may well be related to the high fibre content of the meal (10-0 %).

It is clear from the results quoted in Table 1 that there was a significant decline in
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nutritive value, expressed both as NPU and as N digestibility, with increasing severity
of processing conditions. This decline was slight in samples heated at from 40 to 9o°,
but in those treated at from 105° upwards it was considerable. It may be seen from
Table 2 that the values for available lysine declined in a similar manner, and in fact
the close correlations between the sets of measurements suggest that the corresponding
regression equations could be usefully employed for the prediction of nutritive values
of various samples of coconut meal. Although HCl-soluble protein also showed a
similar decline with increased temperature, replication was more difficult to obtain,
and it was considered that the determination of available lysine was the more reliable
method.
The equation relating available lysine and NPU has been calculated and is:

¥ = 10°1+10°43%,

where ¥ = NPU and x = available lysine in g/16 g N.

It is interesting to note that the critical temperature range (9o-150°) in this series of
experiments was the same as that commonly encountered during the cooking process
carried out before screw-press extraction. Further heat damage may be suffered by
the protein of the meal during the extraction process. With cottonseed and soya-bean
meals, moderate heat treatment is advantageous because it inactivates toxic consti-
tuents; coconut meal, however, can be affected only adversely by heat treatment. In
Table 3, values determined for the content of available lysine of various commercial
samples are listed; the regression equation relating NPU and available lysine content
has been used to predict the nutritive value of these samples. It may be seen that large
differences existed from sample to sample. As would be expected, the UNICEF
sample, which was prepared with considerable care for human consumption, had a
higher value than any of the others, and the solvent-extracted meals were better than
those extracted by screw-press methods. Unfortunately, processing temperatures are
not known for all the screw-press meals, but it is known that the processing temperature
of meal 7 was considerably lower than of meals 1 and 2. It would have been desirable
to carry out NPU determinations on these commercial samples in order to provide
additional evidence for the validity of the prediction equation; unfortunately, how-
ever, this was impossible.

Although there was a high correlation between the contents of available lysine
and the nutritive values of the coconut meal, it is not inferred that this is the only
amino acid that suffers heat damage during processing. Donoso, Lewis, Miller &
Payne (1962) showed that in pork heated with water there was a considerable decrease
in the extent to which the sulphur-containing amino acids were utilized, and it is prob-
able that a better prediction of nutritive value could be made by including a measure
of the destruction of these acids.

It would seem therefore that, in general, the nutritive value of coconut meal could
be improved by the use of less drastic processing methods. In view of the important
work recently reported by Subrahmanyan and his associates (see, for example,
Subrahmanyan, Doraiswamy, Bhagavan, Tasker, Sankaran, Rajagopalan & Swami-
nathan, 1959; Tasker, Rao, Swaminathan & Subrahmanyan, 1959) on the beneficial
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effects on children of dietary supplements containing 25 %, coconut meal, it is clear
that this material could have an important part to play in tropical nutrition, both of
animals and man. Attention should therefore be paid to producing 2 meal with as high
a nutritive value as possible by keeping the processing temperature to a minimum.

SUMMARY

1. Five samples of coconut meal were prepared in the laboratory by solvent extrac-
tion and were subjected to a temperature of go, 105, 130 or 150°. A sample similarly
prepared but dried under reduced pressure and a sample of commercial origin were
also included among the materials under examination. Net protein utilization (NpPU),
available-lysine content, protein solubility in 6 N-HCI, o-02 N-NaCl, and Lund-
Sandstrom fractionation were determined.

2. NpU results showed that nutritive value deteriorated as processing temperature
increased.

3. Values for available-lysine content and HCl-soluble protein also decreased with
the severity of heat treatment. These values were highly correlated with Npu. The
other values determined also decreased with severity of heat treatment, except that for
the residual protein from the Lund-Sandstrom fractionation, which increased. The
correlation coefficient between several of these values and NPU was significant, but
not as highly so as those between NPU and available lysine and HCl-soluble protein.

4. The regression equation between values for NPU and available lysine was cal-
culated; it is considered that it may be useful in predicting the nutritive value of
samples of coconut meal. The equation is y = 101+ 10-43% (SD of b = + 4'1), where
y = NpU and x = available lysine in g/16 g N.

5. Determinations of available lysine were made on various samples of coconut
meal, and calculations of NPU were made by means of the regression.

We are grateful to the various firms and individuals who assisted us by supplying
samples of coconut meal from different sources: we would also like to express our
thanks to Miss Barbara Hull for technical assistance.
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