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The utilization of proteins and amino acids
in diets based on cassava (Manihot utilissima), rice or sorghum
(Sorghum sativa) by young Nigerian men of low income

By B. M. NICOL* AND THE LATE P. G. PHILLIPS
Nutrition Unit, Federal Ministry of Health, Kaduna, Nigeria

1. The net protein utilization (NPU, the percentage of dietary nitrogen retained in the body, allowance
being made for endogenous urinary and faecal N) of diets composed of Nigerian foodstuffs, based on rice,
sorghum (Sorghum sativa) or cassava (Manihot utilissima), was compared to that of a minimal protein diet
used to determine endogenous N excretion, supplemented with whole egg. The addition of pL-methionine
and L-tryptophan to the rice diet produced a small but non-significant increase in NPU, whereas the addition
of bL-methionine to the cassava diet produced a very significant increase in NpU. The NPU of a diet based on
home-pounded, winnowed, sorghum flour was higher than that of a diet based on milled whole-meal sorghum
due to the low digestibility of the latter diet.

2. The digestibility of the rice and cassava diets were the same, although the total crude fibre content of
the rice diets was lower than that of the cassava diets.

3. Nigerian men used the proteins of the egg diet and of mixed diets based on rice, sorghum and cassava
more efficiently than predicted by applying methods recommended by the FAO/WHO ad hoc Expert Com-
mittee on Energy and Protein Requirements (FAO/WHO, 1973).

4. The recommendations of that Committee (FAO/WHO, 1973) to reduce the amounts of sulphur amino
acids and tryptophan, contained in the * provisional pattern of amino acids’ proposed by the FAO Committee
on Protein Requirements (FAO, 1957), are supported, but the increases in lysine and threonine are not
supported, by the present results.

The similarity of endogenous urinary and faecal nitrogen excretion by young men of
different ethnic, socio-economic and nutritional backgrounds, and the more efficient use of
whole-egg N by young Nigerian men than by North American university students, have
been reported (Nicol & Phillips, 19764). Inter-individual variation of urinary and faecal N
excretion was found to be significant, but intra-individual variation not significant, when
Nigerian men were given a rice diet on two separate occasions. The physiological processes
of adaptation to an efficient use of low-protein rice diets could be reversed within 2 or 3
weeks when they were given a diet containing amounts of high-quality protein greater than
their customary intake (Nicol & Phillips, 19765).

Three of the important staple foods consumed in Nigeria are cassava (Manihot utilissima),
rice and sorghum (Sorghum sativa) (Nicol, 19594, b). The first objective of this paper was
to re-examine findings, obtained some years ago, on the utilization of proteins in diets of
Nigerian pattern, based on these three staple foods, given at levels which maintained N
balance close to equilibrium, while supplying sufficient energy for maintenance of body-
weight of young Nigerian men. The second objective was to consider the effect of dietary
crude fibre on the true digestibility (TD, the percentage of dietary N absorbed, allowance
being made for endogenous faecal N), net protein utilization (NPU) and biological value
(Bv, the percentage of dietary N retained in the body, allowance being made for endogenous
urinary N) of these diets. The third objective was to compare the amino acid composition of
the diets with the ‘provisional amino acid pattern’ proposed by the FAO Committee on
Protein Requirements (FAO, 1957) and with the ‘provisional amino acid scoring pattern’
recommended by the Joint FAO/WHO ad hoc Expert Committee on Energy and Protein
Requirements (FAO/WHO, 1973).

This re-examination of our previous findings, submitted in detail as research reports to

* Present address: Trackway, 52 Golf Links Road, Ferndown, Wimborne, Dorset BH22 8BZ, UK.
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the Committee on Protein Malnutrition of the US National Research Council’s Food and
Nutrition Board, has been prompted by statements made in the report of a Joint FAO/
WHO Informal Gathering of Experts on Energy and Protein Requirements (FAO, 1975)
that: ‘NPU, as conventionally measured, tends to overestimate the ability of diets of inter-
mediate and poor quality to meet human needs’ and that ‘amino acid scores of diets based
on coarse whole-grained cereals and vegetables may have a correction for digestibility in the
range of 85 per cent and that diets based on refined cereals may have applied a digestibility
figure of about 9o per cent’.

The FAO Committee on Protein Requirements (FAQ, 1957) and the Joint FAO/WHO
ad hoc Expert Committee on Energy and Protein Requirements (1973) both applied the
method used by Block & Mitchell (1946) to determine chemical scores of proteins or dietary
protein mixtures. Block & Mitchell used the amino acid pattern of hen’s egg protein as a
reference pattern. Both Committees applied more recent information derived from experi-
ments on animals and feeding trials on man in developing their ‘provisional amino acid
scoring patterns’. The resulting essential amino acid scoring patterns differed considerably
from that of hen’s egg protein, and one pattern from the other pattern. The FAQO/WHO
(19773) report states: ‘In comparison with the 1957 pattern, significant changes included a
lowering of tryptophan and methionine. Threonine levels were raised; lysine levels were
raised in accordance with the suggestion that scores for lysine-limited foods overestimated
the actual nutritive value of these proteins when fed to young children; estimation of lysine
requirements is complicated by the fact that all chemically determined lysine in a food is not
necessarily biologically available.’

The amounts and nature of dietary fibre provided by the diets considered in this paper
were less than those reported by Southgate & Durnin (1970) which prompted the Joint
FAO/WHO Informal Gathering of Experts on Energy and Protein Requirements (FAO,
1975) to suggest the correction of dietary amino acid scores for digestibility quoted above.

METHODS

Subjects. Nineteen young Nigerian men of the low-income class, whose socio-economic
and nutritional backgrounds have been described (Nicol & Phiilips, 1976a), participated in
thirteen different feeding trials, each trial comprising a group of six men. They were ambu-
lant in the metabolic compound of the Federal Nigerian Nutrition Unit laboratories, their
only exercise being walking, mat-weaving, playing cards or other sedentary games.

Diets. The ingredients of the diets based on rice, cassava or sorghum, with their proximate
composition (determined in duplicate by methods described by McCance & Walsham
(1948)), are given in Table 1. The methods used to prepare and supervise the consumption
of the diets have been described (Nicol & Phillips, 19764). Cassava diets were given as three
equal meals served at 08.00, 13.30 and 19.00 hours. The rice and sorghum diets were served
as cassava and sauce at the morning and evening meals and as rice or sorghum and sauce at
the mid-day meal, equal amounts of sauce being given with each meal. Cassava was pro-
vided as ‘gari’, a granular product prepared from the fermented rhizone by methods
described by Phillips & Ladell (1959). Rice was milled and parboiled. Sorghum was given
either as hammer-milled whole meal or as flour prepared in the home by the traditional
method of pounding and winnowing. Water was freely available, consumption varying
from 1000 to 1600 ml/d.

Riboflavin and thiamine 2 mg each, nicotinic acid 17 mg, calcium citrate 500 mg and
30 mg capsulated ferrous sulphate were added to all diets. When synthetic DL-methionine
and L-lysine were given the amounts were equally divided between the three meals. (Vita-
mins, minerals and amino acids were all provided by British Drug Houses Ltd, Poole,
Dorset, UK.)
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The amino acid composition of the diets was calculated using tables (Orr & Watt, 1957),
confirmatory and supplementary information being supplied by the Government Chemist,
London (personal communication), from direct analysis of Nigerian foods, including batches
of rice, cassava and sorghum.

Calculation of Bv, TD and NPU of the different diets. The individual endogenous urinary
and faecal N excretion had been measured for subjects O, P, Q, R, S, T and the Bv, TD and
NPU of the rice diet had been calculated for this group of subjects using the formulae given
as footnotes to Table 2. Bv, TD and NpU of the egg and rice diets were not significantly
different when given to these subjects (Nicol & Phillips, 19765). The endogenous N excre-
tion of subjects A, B, C, D, E, F and G, I, J, H, E, K, was not known, but their urinary
and faecal N excretions were not significantly different from those of subjects O, P, Q, R,
S, T when the three groups were given the rice diet (Table 2). Application of the mean
values for endogenous urinary (1-86 g/d) and faecal (1-14 g/d) N of subjects O, P, Q, R, S, T
to the mean urinary and faecal N excretion of the other two groups of subjects indicated
that the Bv, TD and Npu of the rice diet did not vary significantly between the three groups
of subjects (Table 2). Therefore the mean endogenous levels of N excretion of subjects
0O, P, Q, R, S, T were used when calculating the Bv, TD and NpU of other diets. These three
groups of subjects comprised seventeen of the nineteen men participating in the thirteen
feeding trials reported in this paper.

Design of feeding trials. The groups, each of six men, who were given the egg, rice,
cassava and sorghum diets are shown in Table 3. Each of the feeding trials comprised a 6 d
prebalance period and a 6 d balance period, with the exception of the series of trials in
which DL-methionine and L-tryptophan were added to the rice diet given to subjects G, I, J,
H, E, K. In that instance the subjects were given the rice diet for a 6 d prebalance period
and a 6 d balance period, followed by consecutive 4 d balance periods during which the
amino acids were added (see Table 3), the trial concluding with a 6 d balance period on the
rice diet. All trials, and the series of trials in which subjects G, I, J, H, E, K participated,
were separated by periods of 3 or 4 weeks, during which the men ate a mixed Nigerian diet.

The amounts of DL-methionine and L-tryptophan added to the rice and cassava diets were
equal to the calculated difference between the total S amino acids and tryptophan supplied
(/g N) by the diet and the amounts proposed (/g N) in the FAO (1957) provisional amino
acid pattern. In view of doubts about its biological activity (Camien, Malin & Dunn, 1951;
Rose, Coon, Lockhart & Lambert, 1955) the amount of DL-methionine added to the rice
diet was doubled for a period of 4 d. The ingredients of the ‘low-protein score’ cassava diets
(Table 1) were determined by their S amino acid score relative to the FAO (1957) provisional
amino acid pattern.

Analytical methods. The methods employed to collect samples of food, urine and faeces,
and the analytical procedures used, have been described (Nicol & Phillips, 19764). Crude
fibre was determined by the method of the Association of Official Analytical Chemists
(1955).

Statistical analysis. Significance of differences between mean values was determined by
paired ¢ tests, P < 0-05 being considered significant. Mean values are given with their
standard error.

The term ‘N balance’ throughout the rest of this paper refers to ‘apparent N balance’,
calculated as N intake — (urinary N+ faecal N), excluding cutaneous and other minor N
losses.
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RESULTS
Utilization of egg, rice, cassava and sorghum proteins by young Nigerian men

The changes in body-weight recorded during the balance periods when different groups of
men took part in thirteen feeding trials were not significantly related to energy or N intake,
N balance, Bv, TD or NpPU.

N balance and the Bv, TD and NpU of the egg diet and the rice diet did not differ sig-
nificantly when given to subjects O, P, Q, R, S, T. When subjects G, 1, I, H, E, K consumed
the rice diet the addition of DL-methionine and L-tryptophan increased N balance sig-
nificantly (P < 0-02), BV increasing from 0-72 to 0-81 and NPU from 068 to 0-75.

The addition of bL-methionine to the ‘low-protein score’ cassava diet (subjects G, B, H,
I, E, F) produced an increase in N balance of 0:57 g/d, BV increasing from 0-66 to 082 and
NPU from 0-59 to 0-76.

The difference in N balance was not significantly different when subjects L, I, M, H, E, K
were given the milled whole-meal sorghum or the home-pounded sorghum diets, variances
around mean values being high. The difference in Bv was small, the considerable difference
in NpuU resulting from the low TD of the milled whole-meal sorghum.

The mean findings for the thirteen feeding trials (Table 3) indicated that young Nigerian
men maintained constant body-weight and were in N equilibrium when energy intake was
approximately 180 kJ (43 kcal/kg body-weight per d), protein intake 25 g/d (044 g/kg
body-weight per d), Bv, TD and ~PU of dietary protein being 0-78, 0-90 and 0-70 respectively.
NPU was correlated more closely to N balance (r+0'97; P < 0-001) than were BV (r+0-77;
P <o01)or TD (r+0°73; P < 0-01).

Dietary crude fibre and digestibility of the egg, rice, cassava and sorghum diets

The total crude fibre content of the thirteen diets is given in Table 3. Most of the dietary
fibre was derived from cassava ‘gari’, and less from the cereal and sauce ingredients, as
follows: egg diet: 859, from cassava, 15 %, from sauce; rice diets: 769, from cassava (range
72-79%), 9% from rice (range 8-129,), 14% from sauce (range 13-17%); cassava diets:
819, from cassava (range 78-86%), 19%, from sauce (range 14-22%); milled whole-meal
sorghum diet: 67% from cassava, 199, from sorghum, 14%, from sauce; home-pounded
sorghum diet: 729, from cassava, 13%, from sorghum, 15%, from sauce.

The mean crude fibre content of the four basal rice diets was g-4 + 0-5 g/d and that of the
three cassava diets was 12-8 + 0-7 g/d, but TD was approximately the same for each group,
090 + 0-02 and 0'92 +0-02 respectively.

Fibre derived from milled whole-meal sorghum (9, of total fibre) was only 6%, higher
than that derived from home-pounded sorghum. Yet this difference had a considerable
effect on the TD and NPU of the two diets. TD and Npu of the home-pounded sorghum diet
were the same as those of the rice diets, whereas the values for the milled whole-meal
sorghum diet were inferior to those of the ‘low-protein score’ cassava diet.

Dietary crude fibre for the thirteen diets was negatively, but not significantly, related to
TD but was significantly correlated to NpU (r—0-62; P < 005). NPU was significantly
correlated to TD (r—o0-67; P < 0'05).

Essential amino acids, amino acid scores, N balance and NPU of egg, rice, cassava
and sorghum diets

The essential amino acid content of each of the thirteen diets was compared with N balance,
NPU and the first and second limiting amino acids calculated by applying the FAO 1957
‘provisional amino acid pattern’ (FAO, 1957) and the FAO/WHO 1973 ‘provisional amino
acid scoring pattern’ (FAO/WHO, 1973) (Table 4).

ssa.ld Aissanun sbpuquied Ag suljuo paysiiqnd ££00826 LNIG/6£01°01/b10"10p//:sdny


https://doi.org/10.1079/BJN19780037

Protein requirement of man 277

The amino acid score of the egg diet was 100 judged by both patterns, N balance being
+0°56 + 004 g/d and NPU 0-84 +0-12. N balance was +0-03 £ 0-02 g/d, NPU 0-71 £ 0-0f and
the amino acid score 70 (S amino acids; FAQ, 1957) or 81 (lysine; FAO/WHO, 1973) when
the rice diet was given to three different groups each of six men. The relationship between
N balance, NPU and amino acid scores of the cassava and sorghum diets is given in Table 4,
together with the effects on amino acid patterns and scores observed by supplementing the
rice and ‘low-protein score’ cassava diets with pL-methionine and L-tryptophan.

Inspection of Table 4 shows that in only one instance, the ‘low-protein score’ cassava
diet, did both scoring patterns give the same first limiting amino acid (S amino acids), and
that the second limiting amino acid was never the same for the thirteen diets. The S amino
acids were limiting for all diets, whether based on rice, cassava or sorghum, the second
being tryptophan, when compared against the FAO (1957) pattern. Addition of DL-
methionine to the ‘low-protein score’ cassava diet in an amount sufficient to meet the
amount proposed by FAO (1957), resulted in tryptophan being the first limiting, and
isoleucine the second limiting, amino acid. When compared with the FAO/WHO (1973)
scoring pattern, lysine was the first limiting amino acid for rice and sorghum diets, S amino
acids being second for rice diets and threonine second for sorghum diets. When the FAO
(1957) needs for $ amino acids in rice diets were met, threonine was the second limiting
amino acid, judged by the FAO/WHO (1973) pattern. In the instance of cassava based diets
the picture presented by comparison with the FAO/WHO (1973) pattern became confused,
valine being the first limiting amino acid of the ‘high-protein score’ cassava diet.

The amino acid scores of the thirteen diets were 79 + 4 (FAO, 1957) and 80+ 2 (FAQ/
WHO, 1973). N balance was +0-06 £0-11 g/d and NPU 0-70 + 0-02. Correlations between
amino acid scores, N balance and NpuU for all diets were: FAO 1957 score v. N balance,
r+069 (P < 0-01); FAO/WHO 1973 score v. N balance, r+0-70 (P < 0-01); FAO 1957
score v. NPU, r+0'69 (P < o-o1); FAO/WHO 1973 score v. NPU, r+074 (P < 0°01).
Correlations between Bv and amino acid scores were: BV v. FAO 1957 score, r+0-58
(P < 0-05); v v. FAO/WHO 1973 score, r+0'58 (P < 0-05).

The amounts of essential amino acids provided by the thirteen diets were expressed as
mg/g N and mg/g protein, assuming a daily intake of 4 g N and 25 g protein (N x 6:25).
The least amount of each essential amino acid provided by those diets which maintained
the subjects in N equilibrium or positive N balance, expressed as mg/g N and mg/g protein
per d, were rounded to the nearest multiple of ten and compared, in Table 4, with the levels
of essential amino acids in the scoring patterns suggested by FAO (1957) and FAO/WHO
(1973). The major differences between the present findings and those of FAO (1957) and
FAO/WHO (1973) were:

leucine > FAO 1957, = FAO/WHO 1973;

lysine = FAO 1957, < FAO/WHO 1973;

S amino acids < FAO 1957, < FAO/WHO 1973;
threonine = FAO 1957, < FAO/WHO 1973;
tryptophan < FAO 1957, = FAO/WHO 1973.

The separation of the values found for the egg diet from those of the other twelve diets made
no significant difference to mean values for energy or protein intake, change in body-weight
during balance periods, N balance, Bv, TD or NPU, or to the essential amino acid pattern
of all thirteen diets considered together (Tables 3 and 4).

ssa.d Anssanun abpriquied Ag suljuo paysiignd ££008£6 LNIE/6£01°01/B10"10p//:sdny


https://doi.org/10.1079/BJN19780037

https://doi.org/10.1079/BJN19780037 Published online by Cambridge University Press

80.0 6b.1 £1.0 ob.z
vi.0 12.1 g1.0 12
g0.0 15.1 1.0 bz
60.0 LS.1 zI1.0 6€.7
vo.0 v6.1 v1.0 LE.T

wn

A IO z€.1 L1.0 9§.2

—

[

= go.0 ob.1 11.0 z€.T

Jos

A& Loo 651 €1.0 99.7

@)

R 90.0 gb.1 Z1.0 Sz

O 600 ob.1 80-0 9t.7

Z

< 80.0 gh-1 11.0 gtz

[

w 90.0 LE.1 Y1.0 gh.c

Ll

Z 80.0 6€.1 S1.0 85z

i 60.0 oL-¥ 80.0 (XA 4

M 01.0 §S.1 11.0 87T

M as TR as UBIN
A - ~ J « 1<|l\

[easeg Areuiiny

20-0F$6.€
26.£

70.0F $6.€
96.€

06.£

§8.€

oo.v

§6.€

6.t
vo-¥

L6.€
00.V
98-

oyeyu]

0
™~
)

(p/8) uonaIo%a pue eIl N

bo.0Fgr.or or.o 10.0—
orbz 80-01 Lo.o 1v.0+

bYo.oF61.01 1I1.0 vo.0—
oévz zh.o1 Z1.0 €1.0—
ogbz gt.o1 Lo.0 €1.0—
09€z Lg-6 01.0 So0.0+
oStz Sz.o1 §0.0 £2.0—
oshz Sz.01 S1.0 £0.0—
oobz bo.o1 90.0 0.0
obbz 17.01 60-0 €0.0—
obvz 17.01 60.0 90.0—
obbz 17-01 11.0 11.0—
obbz 1Z2.01 01.0 Z1.0—
ob¥ve 12-01 £1.0 of.0+
oobz to.o1 12-0 So0.0+
ey N as UesSN

(p/) axemur A310uzy 3 )
m-£poq
§ui a3ury)

98.0 9895
£E.1 12.£S
78-0 9I.LS
00.1 68.95
86.0 9L.9S
6.0 1€.LS
£9.0 LL.LS
99.0 L8.LS
99-0 oL.LS
1L.0 SL.LS
89-0 0g-LS
€L.0 v6.LS
§L.o Yo.gS
99-0 679§
gt.1 £g.£S

as UBON
rIIJIl.I'I\

@Y
m-£pog

(€1 u) asFuUBdN
1's°¥4‘D'd 033
(Z1 u) ISFuBSN
M AHNWITT
Inoy papunod-awWoy
3 gHWNWITT
[eaw-2[oym PofITIA
wnygios
A4 T'H'A'D
21005 utord-ysiy
A 1'H'd‘D
19N Sw 01§+
AFTHED
91005 u19301d-mo
BABSSE))
AIHTTIO
AAHTID
K11, 3w SL+ 19N Sw 99+
XAHTTD
A1y, Sw SL+19N Swi g1t +
AFHTID
19N Swi g1€ +
MXAHTT'D
4940’V
L's™9‘0d’o
Y
s19lgns pue PIQ

unydordd43~1 puv amuorylaw-1a suayiuds Aq paiuawajddns Sutaq s1atp uin1aao ‘(eanes wnygiog) wnydios 40 (ewssinn
JOYIURIA)) DADSSDI “901d “8§82 U0 pasvq S1a1p Uad18 a.1om uaw uvla81N Sunod uzajauiu usym 24qy apnid Aiv1ap puo {(NdN) uonypzin utrosd
12u L(@.L) Anpquisasip anay ,(ad) anpd [pa180j01q ay1 01 paivjad 2oupipg N Jus4pddp pup aypiul uaSo31u pup A345ud ‘1ySlom-dpog "t dlqe]


https://doi.org/10.1079/BJN19780037

https://doi.org/10.1079/BJN19780037 Published online by Cambridge University Press

279

t of man

in requiremen

Prote

“PoIejnoOJed 9q PINOD I01X PIEPUR)S Y} 05 $)22IQNS 959} JOJ PIUTWLISNID U9q PEY N [098] puUe Areunn snousdopus I0J sonjea jenplapul §
*$35SO] N JOUIW JOyI0 pue snosueind Furpnioxsg ||
*s[eL 3urpaoy oy Jo spoliad souefeq o Suung §

"L XA8 = naN }

"N Arejorp + (14HN [eooe) — P MaN [eoR))—N Areplp = dL 4
‘N paqiosqe - (F4RN] Lreun — PP 13\ LFeUlin) — N PIQIOSQR = Af
(p9L61 ‘sdjIyd 29 [OOIN) UONRIOXS N [209R] pue AIeulIn SnoudSopus SUIULINIP 0 pasn 1a1p uwloxd [ewrunu ‘Qdi ueydoldAn ‘A1] {ouruongisuw ‘O

S.0FS.01 70.0 olL.o 10-0 06.0 0.0 gL.o 1.0 90.0+
z-8 hz1-0 tg-o 90.0 £6.0 lhgo-o 06.0 vo-0 98.0+

S.0oFL.0o1 70.0 69-0 10.0 06.0 Z0.0 LL.o 11.0 70-0+
9.11 69.0 6g-0 8L.0 Y10 10.0—
S.z1 gs.0 6L.0 vL.o 0z.0 1iv.0o-
€.11 89-0 §6.0 zl-0 11.0 £0.0—
S.€1 9L.0 £6.0 78.-0 71.0 82-0+
C.£1 65.0 68.0 99.0 £1.0 6z.0—
.6 oL.0 76.0 9L.0 11.0 10.04+
$.6 SL.o £6.0 18.0 Lo.o 8§2.0+
V.6 £L.0 6.0 6L.0 0I1.0 £€1.0+
$.6 1L.0 v6.0 9L.0 11-0 S1.04
.6 89-0 v6.0 zlL.0 o
$.6 zL-0 98-0 vg.0 90.0 Lo.o+
£.6 fvo.0 €L.0 10.0 88-0 9o-0 £g.0 1Z.0 £0.0+
r/3) as ueW as UBIW EN wesp as [03:2) 7}

2IqQy IpnId . — - y N — ) A
Aeyng NndN aL Ad P/3)
aoue[eq
[N juareddy

(r1u00) € 9jqe],

(€1 u) 3s F uedp
1SN D°d‘0:88g
(71 u) IS Fued
JdHWIT
Inoy pepunod-dwoly
M AHNW T
[esu-3joym PIJItIN
wnydrog
A4 1I'HA’D
23008 uoId-y3iyY
49 T*H ‘D
1ON 8w 01§ +
dHIIHAD
91098 UiNOoId-MmoT
BABSSR)
MAAHTTID
AFTHTID
A1l Sw SL+430N Sw 9f9+
AAHTLD
A1] 3w SL+19W Sw 1€+
AAHTTD
P Sw g1€ +
AdHTTD
4‘9°'aD4v
L'SY‘0d0
L2 ¢
s)iqns pue 191


https://doi.org/10.1079/BJN19780037

https://doi.org/10.1079/BJN19780037 Published online by Cambridge University Press

N 3/8w
(Sz.9x N) ujoxd 8/3w
TF98 TFgL TFLY EFLL 70-0F 69.0 11.0 70.0+ (21 W) asFued
(T41) S8 (sA1) 2L (A11) 98 (86D +13N) SL 69.0 ¥1.0 10.0— MHHNWITT
Inoy papunod-owoH
(1) s8 A7) €L (A1) 88 (6D +1PW) YL 5.0 07.0 1w.0— M4HNWTT
jeaw-a[oym pafjtN
umnysdiog
. (L) z6 (eA) 88 (Ka1) ¥8 (sKD+1PW) 6L 89-0 11-0 £o.0— 9 I'HAD
9 21005 upjoId-y3iHg
a2 (A7) 8L (4L 9L (1D 06 (A1) 8L 9L-0 710 8z-0+ A9 THED
= 1O Sw 01§+
oy
oot (y1) oL (563 +1°) 69 (A11) 8L (s£D +19N) 9 6.0 £1.0 6z.0— dITHE'D
[a W 9J09S UI0Id-MOT
G. BABSSE)
o (86D + 1910 88 (A7) 18 (A1L) o8 (85D +319W) oL olL.o oL.0 10.0+ NI HTID
(IqL) 88 (s£7) og 001 001 SL.o lo.o 8T-0+ MIHTITID
[ A1], 3w SL+19W Swgtg+
N (141) 88 (s47) o8 o0t 001 £L.0 0I1-0 £r.o+ AAHLTID
A11, 8w SL+39 Swr g1€+
M (41 88 (sAD o8 001 (A1) €8 1L.0 11.0 S1-0+ AAHTTID
O 1PN Sw 1€+
m (36D +1°9) 88 (sA7) o8 (A11) £8 (4D + 1) oL 89-0 o AAHITITO
(5D +1W) Lg (s&) o8 (A11) 18 (85D +19) 69 zL.0 90-0 Lo.o+ dd9‘a@aD‘a’v
M. SO+ Ly (s47) 18 (A11) 18 SO +1PN) 1L €L.o 1z.0 €0.-0+ L'SYDdO
oy
B. puodg 18114 puoRg EEVIS naN as UBON s3%0fqns pue ja1q
\ v -7 AN — _—— rl.)\".lk
£L61 OHM/OVA LS61 OVA ®/3)
. ~— ‘ soueleq N
(sp1oe ourwie SuinUI} PUOIAS pue ISIL]) juareddy

SAI0JS PIO. Uy
upydoyd{41-1 puv
uuoIYI2W-1a daYIULS Aq pajuawaiddns Sutaq s11p U420 “siatp (RWISSITIN JOYIURIN) DAvSSD) pup (BAlyes WnyII0Q) winys.ios ‘2014 ‘332
U418 2.45m udW uDLRSIN Bunod usym 1susapvd (€L61) OHMIOVA puv (LS6Y) OV 2yl y10q Aq pawmoms ‘(N 3/Sw pup uia104d 3(3ur)
3 Sp1op ounup Supnul] puodas pup 1S4y pup Judju0d prov ounup [pruassa L(0dN) uonpziin utago.d jou S aouvpq uadonu juspddy ¥ s|qe]
a


https://doi.org/10.1079/BJN19780037

https://doi.org/10.1079/BJN19780037 Published online by Cambridge University Press

281

t of man

in requiremen

Prote

TFLg TFog TF 68 vFe6L 70.0F0L.0
001 001 001 001 Z1.07¥g-0
puoseg ISILg puodeg Isag ndN
M —————— J — ~— —
£L61 OHM/OVA LS61 OV

ﬁ
(sproe ounue Ul puodds pue sI)
S9I00S pIoE ouIIy

(ruo2) ¥ 21qe]

11.0 90.0+

vo.o 95.0+

a8 ueoN

]

(p/3)
adueeq N
juareddy

(§2.9 x N) uioid 8/3w
p/3w
(synsos yussaxd)

wnuqIpnbs N J0J juswiaIinbay wnwyuija

N 3/8w

(52-9 x N) uimoid 3/3w
uroned Juurods LS61 Qv

N 8/8w

(Sz-9 x N) uoad 8/3w
wa)ed Sunoos £L61 OHM/OVA

N 3/3w

(§z.9 x N) uoid 3/8w
(£1 u) asF uesy
1S40 ‘d‘0:933

s1oafqns pue 191


https://doi.org/10.1079/BJN19780037

https://doi.org/10.1079/BJN19780037 Published online by Cambridge University Press

81¢€ LL 91T ({*14 92T 087 Y:14 697 N 8/8w
1§ 71 33 vL 9¢ 194 6L 194 (§2-9 x N) uyoid 8/8wx
gLzl got £98 ghgr €06 6111 0g61 SLo1l (€1 u) asFueoN
0091 08¢ S601 otz S911 ogbt 0961 osvi LS9 ‘O°d‘0:933
1€ oL 11z 14%4 oz flz 144 192 N 3/3w
o§ zI e €L (13 44 6L 44 (S2.9 x N) umojo1d 3/Fwr
3441 7ot 144} Ligt 188 1601 SL6I vbor (z1 u) as Fues|y
v Cozi Sot obg obLi 008 oL6 otge ogII MA9H W1
m... moy papunod-3woly
u 0911 €67 oI8 0891 oLL 0$6 oolz obi1 M9H ‘N 1T
— JEW-3joyM PIIIIN
DH.. wnydiog
s 0901 06z 088 o6 0zg [+14% ¢ 0991 obvor A9 I'H9D
O 21035 uwoad-y3ig
a, Stoi 082 oSL SEL1 o111 obor ofgr 056 A ITHLED
@] W Sw o184+
7. Stox 08¢ osL SELI 009 obol ofg1 056 A4 IT'Hd D
< 91095 U1R101d-M0]
RARSSE))
[
w oot (<214 obg 0761 o9l ogot 0081 0z01 MNIAHTID
- SPEY Sot 088 0761 ogt1 0801 obgr obol NAHTIOD
Z A1l 3w SL 4+ Sw9fg+
< SYEr £9¢ 088 0z61 0901 0801 obgr obo1 MNIHTID
M &1 8w SL+31o Bw gIE+
B. [$251 06¢ 088 0761 0901 0go1 obg1 obo1 AIHSID
PN Sw QIE +
19231 06z 088 0761 obL ogol obgI obo1 MAHT1D
olf1 06¢ S88 161 ShL ogol 0981 ofoI A3AD‘dv
oztI 06z oSg So61 obL o6ot ofgI obor LSYO0OdO
"/
[eA L ELA S 1K), +24d sD +1PN s&T noy I s12fqns pue 1211

(p/3w) sproe o<=_.§ Tenuossy

(‘1u00) ¥ 91qe ],

282


https://doi.org/10.1079/BJN19780037

https://doi.org/10.1079/BJN19780037 Published online by Cambridge University Press

283

Protein requirement of man

‘pg7 pue SLz seded aos ‘sjrelep 104 §
‘AL X A€ = ndN |

*$9sSOf N JOUIW JAY)0 Pue snoaueind Suipnpxy .
“aul[eA ‘[EA ‘aUIUOANY) ‘IYY, ‘durs0A) “IKY, LeuruefejAudyd ‘oyd ‘ounsAd ‘sAD) oursA| ‘A foulongl ‘na {aunajost ‘af] ‘ueydoidin ‘A1 ‘suluonyow ‘PN

oS o1 ot 09 of ob ol ot

00€1 08T oSL 00§11 oSL oSo1 ooLI 056

olz 06 og1 09¢ oLz olz 9ot olz

(44 141 8z 9§ Fa4 k44 14 (a4

o1t o9 oSz og¢ (2744 obt obv oSz

of o1 ob 09 13 199 oL ob
BA L1 L IAL +9ud SED + 1PN s { na1 9L

—

(p/3w) spoe oulwre [RRUISSH

(‘1u00) ¥ o1qeL

(Sz-9 x N) uwoid 3/3w
p/3w
(s3ynsax yussaxd)
wnuqmbs N 10§ Juswalnbar Wi

N 8/8w
(Sz.9 x N) urgjoad /3w
uzened Fuiioos LS6 OV

N 3/3w
(§7.9 x N) utoxd §/3w
uraned Sur10ds €261 OHM/OVA

syafqus pue 121q


https://doi.org/10.1079/BJN19780037

284 B. M. NicoL AND P. G. PHILLIPS

DISCUSSION

The amino acid scores of diets are not always dependent on the first limiting amino acid of
the staple foodstuff due to the amino acid composition of the supplementary foods which
are added to make diets acceptable to consumers. Calculated amino acid scores of staple
foodstuffs or diets are dependent also on the reference pattern of essential amino acids used
as a basis for comparison. The amino acid scores and first limiting amino acids of rice
proteins were calculated to be 54 (lysine), 72 (tryptophan) and 69 (lysine) when compared
respectively with the amino acid pattern of hen’s egg protein (Lunven, De St Marcq,
Carnovale & Fratoni, 1973), the FAO 1957 ‘provisional pattern of amino acids’ and the
FAO/WHO 1973 ‘provisional amino acid scoring pattern’. Using the same three standards
for comparison the amino acid scores of sorghum proteins were calculated to be 41, 66 and
52 respectively, lysine being limiting in each instance, and the score of cassava proteins
were 17, 22 and 27 respectively, S amino acids being limiting in each instance. The amino
acid scores of the rice diet proteins were 54 (S amino acids), 70 (S amino acids) and 8o
(lysine); of the home-pounded sorghum diet 56 (S amino acids = lysine), 75 (S amino acids)
and 72 (lysine); and of the ‘low-protein score’ cassava diet 43, 56 and 69 respectively, S
amino acids being limiting in each instance. It was impossible to devise a cassava-based diet
acceptable to our subjects having an amino acid score less than 56 (FAO, 1957) or 69 (FAQ/
WHO, 1973).

The feeding trials reported in this paper were carried out before the FAO/WHO (1973)
‘provisional amino acid scoring pattern’ had been published. Therefore DL-methionine and
L-tryptophan were added to the rice and cassava diets in amounts calculated to cover the
deficits between dietary levels and the amounts of these amino acids proposed in the FAO
(1957) ‘provisional pattern of amino acids’ (Table 4).

Allison, Anderson & Seeley (1947) and Allison (1955) reported a protein-sparing effect of
DL-methionine when added to a protein-free diet given to protein-depleted dogs, evidenced
by reduction of urinary N excretion. When casein was added to the protein-free diet urinary
urea-N increased, but fell after the addition of DL-methionine to the casein. S amino acids
are limiting in casein, thus this fall in urinary N could be attributed to increased Bv of the
dietary protein mixture. Qur subjects were not depleted of protein but the addition of pL-
methionine to the rice diet led to a fall in urinary N excretion, which increased when L-
tryptophan was added, resulting in higher values for Bv and NpU (Table 3). These higher
values were reflected by an increase in amino acid scores calculated by comparison with the
FAO (1957) scoring pattern, but were not reflected by comparison with the FAO/WHO
(1973) scoring pattern (Table 4).

The present results indicate that healthy young ambulant Nigerian men lost or gained
only small amounts of body-weight when given mixed diets based on rice, cassava or
sorghum when energy intake was approximately 180 kJ (43 kcal)/kg body-weight per d and
protein intake 0-41-0-44 g/kg body-weight per d.

The amount of protein (N x 6-25) provided by the twelve mixed diets was 247 + o1 g/d,
or 0-43 g/kg body-weight per d. NPU was 0°69 +0-02 and N balance approximately equilib-
rium. Applying methods recommended by the Joint FAO/WHO ad hoc Expert Committee
on Energy and Protein Requirements (FAO/WHO, 1973) the safe level of intake of egg
protein to maintain N equilibrium in adult men was calculated to be 0-44 g/kg body-weight
per d. Adjusted by the NPU of the egg diet (0-84) the amount of protein provided by the
twelve mixed sorghum, rice and cassava diets for maintenance of equilibrium would be
0'54 g/kg body-weight per d. The NPU of eight mixed diets not supplemented by amino
acids was 0-67 + 002, and the amount of protein required for maintenance of N balance in
this instance would be 0-55 g/kg body-weight per d.
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These findings indicate that Nigerian men use ingested protein more efficiently than
would be expected by applying the recommendations of the FAO/WHO Committee (FAO/
WHO, 1973). The present results are in agreement with our earlier findings for the utiliza-
tion of egg and rice diets by Nigerian men (Nicol & Phillips, 19764, b). The physiological
processes involved in adaptation to traditionally low protein intakes have been described
by Stephen & Waterlow (1968) and Waterlow (1968).

The results obtained by adding pL-methionine and L-tryoptophan to the rice diet (Tables
3 and 4) in amounts which bridged the gap between dietary intake and the levels suggested
by the FAO Committee (FAO, 1957), suggest that S amino acids were limiting in this diet
and that the level of tryptophan in the FAO (1957) provisional amino acid pattern may have
been too high. The effects on N balance and NPU produced by adding twice the calculated
requirement of methionine as the DL-isomer are in agreement with the view that DL-
methionine has only half the biological activity of the L-isomer (Irwin & Hegsted, 1971).
Such conclusions must be qualified by recognition of the short duration of each balance
period (4 d) and the fact that they were consecutive, possibly resulting in a cumulative effect
on N balance and NPU for a 12 d period. The effect of adding bL-methionine to the ‘low-
protein score’ cassava diet cannot be qualified by the duration of the feeding trial, which
comprised 6 d prebalance and balance periods. The increase in N balance and NpU resulting
from the addition of 510 mg DL-methionine to this diet resulted in values equal to those
recorded for the rice diet. This amount of S amino acids is provided by the amounts of
pumpkin and melon seeds, food legumes, fish and meat included in diets based on starchy
roots eaten in many areas of Southern Nigeria (Nicol, 1953, 1959 ). The effect of amino acid
supplementation, or the addition of small amounts of high quality protein, to diets having
NPU values of approximately 0-60 or less, is well known to be more effective than that of
similar additions to diets with NPU 0-70 or above (FAO, 1957).

TD of the rice and cassava diets was not significantly different, 0-91 + 0-01 and 0-92 + 0-02
respectively, although the amounts of dietary crude fibre were 9-4 +0-03 g/d for rice diets
and 12-8 +0-7 g/d for cassava diets, indicating the high digestibility of cassava ‘gari’ fibre
{(Phillips & Ladell, 1959). The crude dietary fibre of the sorghum diets was lower than that
of the cassava diets yet N balance, TD and NpU of the milled whole-meal sorghum diet were
lower, and faecal N and dry faecal weight were higher, than the values recorded for any
other diet in this series of feeding trials. The NpU and TD of home-pounded winnowed
sorghum flour were similar to those of rice. These findings are in line with those of Subrah-
manyan, Narayanarao, Ramarao & Swaminathan (1955), who compared the protein
digestibilities of whole-meal ‘ragi’ (Eleucine coracana) and rice.

The NPU of dietary protein by definition includes its digestibility. Present results show
that NPU is very closely related to N balance for subjects in approximate N equilibrium
(Allison, 1955), this correlation being the same for all thirteen diets, and for the eight diets
unsupplemented by synthetic amino acids, included in this feeding trial. The correlation
between amino acid scores and NpuU for the eight diets was the same (P < 0-05) whether
calculated by the FAO (1957) or the FAO/WHO (1973) patterns, but the levels of score were
different: FAO 1957, 71 +2; FAQO/WHO 1973, 78 + 2. Present findings (Table 4) show that
the FAO 1957 scores were in good agreement with NPU determined by feeding trials partici-
pated in by Nigerian men, exceptions being the sorghum-based diets. The FAO/WHO 1973
amino acid scores for rice and cassava diets, unsupplemented by amino acids, were approxi-
mately 14%, higher than those calculated using the FAQ 1957 pattern, except in the instance
of sorghum-based diets when the scores were the same, although the first and second
limiting amino acids changed from S amino acids and tryptophan to lysine and threonine.
NPU of the whole-meal sorghum diet was 78 %, of the calculated amino acid scores, and that
of the home-pounded sorghum diet 92 %, of the calculated amino acid scores.
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These resulits for sorghum-based diets lend some credence to the proposal of the Joint
FAO/WHO Informal Gathering of Experts on Protein and Energy Requirements (1975)
that amino acid scores calculated by using the FAO/WHO (1973) pattern of amino acids be
corrected for digestibility by 859 and 909, respectively in the instance of diets based on
whole-meal or refined cereal flours. Regarding the diets based on rice and cassava, with
vegetables, any adjustment of the FAO/WHO (1973) amino acid score on the grounds of
digestibility seems to be unreasonable. In these instances a reduction of the FAO/WHO
(1973) amino acid score in the range of 85-909%, would be reasonable on the grounds that
the score is 10-15 %, higher than the NPU as measured by feeding trials.

It is not possible, from present results, to assess the effects of the complete change in first
and second limiting amino acids which results by applying the FAO/WHO (1973) pattern
rather than the FAO (1957) pattern. The effects of variation of the essential amino acid
scoring pattern when applied to national food balance sheets have been discussed by Lunven
et al. (1973). The essential amino acid pattern, calculated from the least amount of each
provided by the mixed rice, cassava and sorghum diets, which maintained N equilibrium or
slightly positive N balance, when given to young Nigerian men (Table 4), suggests that the
increase of lysine proposed by FAO/WHO (1973) in excess of the amount suggested by FAO
(1957) was unnecessary. Traditional methods of food preparation and cooking in Nigeria
may be of importance in this regard. The reductions in levels of S amino acids and trypto-
phan was justified by our findings. The requirements of the Nigerian men for S amino acids
were approximately the same, on a body-weight basis, as those of North American students
(Clark, Howe, Shannon, Carlson & Kolski, 1970; Zezulka & Calloway, 1976). The increase
in the amount of threonine was not in line with the needs of Nigerian men.

The low amounts of leucine included in the FAO (1957) pattern was prompted by the
concept of isoleucine: leucine imbalance (Harper, Benton, Winje & Elvehjem, 1954). Present
findings agree with those of FAO/WHO (1973). The question of the low NPU of sorghum
protein has been attributed to isoleucine:leucine imbalance. The addition of 1 g L-leucine
to a rice-based diet increased leucine:isoleucine to that of a sorghum-based diet, given at
similar levels of energy and N intake. It was concluded that the low NPU of sorghum was
due to poor digestibility rather than amino acid imbalance (Nicol & Phillips, 1961).

Amino acid requirements of man, and essential amino acid patterns, are produced by one
expert committee or group after another. The only common factor is that their findings are
always carefully labelled ‘provisional’.

The authors are indebted to the late Sir Samuel Manuwa, Chief Medical Adviser to the
Federal Government of Nigeria, who originally gave them permission to publish the research
results and the material included in this paper. They wish to thank the entire staff of the
Federal Nutrition Unit who made it possible to carry out this study. The work was suppor-
ted by a grant (RF-NRC-8) from the Committee on Protein Malnutrition of the US National
Research Council’s Food and Nutrition Board.
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