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nsated for by changes in the loas
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investigators (7-9). Therefore,
measured, erronaus conclusiong
‘balance and in consequence regu

unless all routes of nitrogen losses are
may be drawn from apparent nitrogen
lrements underestimated.

The purpose of this gtud
of subjecte living under trop
‘Bweating may alter total nite

¥ was to astimate the swaat nitrogen losges
ical climatic conditions where {ncreaged
©gen needs. Univeraity students were

i studied, as a basis of comparison with similar studies elsewherg (3,4
'and_g). hlso they provide an average estimate for sweat losg under

conditions prevailing in developing countries, as thelr activity pattern
‘s moderate.

METHODS AND MATERIALS

Subjects

i Fifteen young women all
‘gtudy. The zubjecta were all
-temparature. They lived under
residence and engaged in norma
their full academic achadule,
“level of physical activity dur

chysically healthy participated in the
fully acelimatized to a high environmental
close supervigion in their hall of

1l routine dally activities which included
while maintaining a reasonable constant
ing the atudy periods.

The subjecta were agaed bétween 21 and 32 years.

Their body waights
-and heights ranged betwesn 45 to 70 kg and 154 ko 170

cm, respectivaly.
+40 and 1.80 m°,

. The environmental conditions wer
-and relative humidity were recar
“From the readings provided,
-Bweat collection.

@ uncontrolled while temperature
ded at a nearby experimental station,
average values were recorded for pericde of

: The diets were standardized based on foods habitually consumed ana
“.givan in meal patterna which the subjects were accustomed ta, that im,
i am, 1-2 pm and 7-8 pm. Throughout the study, all subjects were
'required to adhere to the experimental diet and eat only the food
‘prapared by the investigators., Table 1 shows the compoaition of the
:diet. Adjustmenta in the pratein intake were made by increasing the
;dietary beef intake. Complete vitamins or mineralg were lachking. Energy

fintake for indlvidual Bubject was kept constant throughout the entire
:Btudy periocds.

Exparimental Dasign

Two nitrogen balance atudies were carried out.

.3, 0.4, 0.5 and 0.6 g protein/kg/day for a period of 10 daysg per

gsb:otein level. The second experimant (Expt. 2) was a 40-day continuous
‘feeding of a single level of protein.
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TRBLE 1

Compositicn of Dlet, Ingrediente and Nutrients

“Ingradients (g}

“Bread 90
"Rafined Cane Sugar 30
‘Hargarina 30
Pepper (dried) 4
‘Tématcen (fresh) 80
Onions 40
“Palmoil 60
-Cassava {grated) 100
‘Beaf 10
Vegatablen 14
Yam (cooked)

200

*

range flavoured drigks {bottles) {2)

‘Nutrients: Protein (qg) 15.68
' Energy (kcal) 2168.35

1 botle contains 120 keal.
" Lowest protein intake in the study (providing 0.3 g protein/kg/day)

_:'_In experiment- 2, the asix subjects were fed 0.6 g protein/kg/day for
40 days continuously. This level of protein im an estimated dietary
allowance for young university women in Nigeria. The 40 days were

rranged into two consecutive 20 day diet periods. The metabolic pericds
were taken as days 16-20 and 36-40.

1 d_Analysls

experimental distary level. Sweat

s ¥ mathod gimilar to techniques described
by Spance, Abernathy and Ritchey (11} and Sirbu, Margen and Calloway
(12) with slight modifications.

Prior to each pariod of sweat colection, all towels, washad

clothes, beddings and clothings te be used by the subjects including
thelr underwears on individual basis were soaked overnight in 0.5%
édatic acid and rinsed six timas in distilled deionlzed water to remova
sany trapped nitrogen to ensure preper eatimation of the lage daccountable
t0o Bweat during the collection perioda. Colour fast clothings wers
thosen to minimize nitrogen contribution from dyee and to maximize
asbacrption of sweat. At the onset of collection, subjacts washed thejp
‘bodies thoroughly, rinsed with distilled water and towel dried
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vigorously with a nitregan free towel.
towal were discarded. The subjecty were
welothings conaisting of underwear and th
“dresses.

The bath water as well as the
dressed in their nitrogen-free
ree-quarter length cotten

< Each subjeet was given a marked towel (wash cloth)} which was uaed
dry any visible sweat from her face, neck, arm and lega during the
1_ollaction period. Subjects were cautioned against contaminating their
ounderwaar with urine and faeces. The subjects wore the same clothing for
_Qp days. At the end of thin pericd, the subjects removed all thae

deibnized distilled water, about 20-30 litres, and then towel dried
ivigorously. A sample of bath water was 2aved in thoroughly rinsed

plastic sample bottle with distilied-deliontized water and stored at -20%
until analyeed for nitrogen.

siv The sweat and skin losses ware axtracte
zicloths, beddings and towels by sovaking them
: 5% acetic acid solution for 48 hours,
alution taken in individual labellad pla
=20 C until analysed. This method agsumes
“aplution to be at equilibrium. A similar study by Calloway et al. {3)
_ﬁhowed that conventional washing and rineing procadures did not
completely remove the nitrogen from the cloth. However, the difference

in‘amount of nitrogen recovered after repeated rinaing was withln the
limits of accepted error (+ 10%).

d frem the clothings, wash
in specified volumes of
and & sample of the soaking
Btic containers and stored at
the garments and goaking

.. Urine was collected for each 24 hour
marked with carmine were pooled for 4 to 5 day periods. Urine was
ahglyasd for nitrogen and creatinine {which wan used to judge the

completeness of urine collection) and the nitrogen content of the faeces
wera detarmined.

period and faeces, which were

: 3The nitrogen content of aweat collection, urine,

samples were analyged ueing the modified Kjeldahl-cCunn
‘with copper and selenium catalysts (13).

faeces and food
ing-Arnold method

Blood samples were teken before breakfast
bf:each matabolic period. Plasma was anal
manual carbaminodiacetyl reaction of Mars

at the bsginning and end
veed for urea nitrogen by the
h, Fingerhust and Miller {14}).

RESULTS

. In experiment 1, total nitregen loss through the skin averaged
5.45+0.79, 6.3640.70, 6.65+0.73 and 7.1020.87 mg N/kg/day on protein
intakes of 0.3, 0.4, 0.5 and 0.6 g protein/kg/day, respectively. Table 2

shows che mean total nltregen loga in skin as well as the nitrogen
tdgtant ©of each fraction of aweat collection. It was observed that the
nhitrogen adhering to clothes was much larger than the nitrogen retalned
on . the skin. Clothes nitrogen was 71% of toktal sweat collection.
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TARBLE 2

B *
‘Nitregen Content

of Fractions Analysed and Total Skin Loss in Yeung
“Women,

S Level of Protein Intake {g/kg/day)
Component 0.3 0.4

0.5 0.8
lothes 3.8940. 63 4.5040.64 4.76+0.60 5.10%0.69
3ody 1.5940.19 1.86+0.23 1.B940.15 2.000.21
otal skin loms 5.45+0.79 6.36:4£0.70 6.65+0.73 7.10+0.87

Expressed as mean + 5D of nine subjects (in mg H/kg/day).
Significant differences in changes with levels of
o protein intake at p < 0.05 (2~way ANOVR).

o The mean sweat nitrcgen losses
Par 8quare matre of body asurface
ietary protein increased {Table
in mean sweat nitrogen values,
losses, as determined by anal
slgnificant at p < 0.05.

{8kin) expressed per 24 hours and
per 24 hours increased as the lavel of
3). EIndividual subjecte varied somewhat
but differences Iin mean sweat nitrogen
ysis of variance {2-way ANOVA) ware
Individual variation in sweat nitrogen values

i aticns in activity and individual
haracteristics.

;--Increase in nitrogen intake resulted in a corresponding increasge in
skin excretion of nitrogen. The correlation was positive and slgnificant
(.= 40,97, p < 0.05). The mean regresslon equation of individual
aubjacta is represented apm Y = 4.7 + 0.03X, where ¥ is gkin nitrogen
‘loes in mg N/kg/day and X is nitrogen intake in mg/kg/day. The tntercept
:0f-tha regression when intake was zero was 4.2 mg N/kg/day. This was
‘taken as the obligatory nitragen loas through the skin.

TAELE 3

Dletary Nitrogen Intake,

Skin Nitrogen Loss and Plasma Urea Hitrogen in
Toung Woman .

Nitrogen Intake Skin Nitrogen Logs Plasma Urea Nitrogen
tg/day mg/day mg/m” /day mg/100ml
2,51 286.0+74.1 1B2.3%39.1 6.0940.76
3.42 327.847G.0 209,5+37.2 6.72+0.70"
“4.38 345.5+71.5 222.9+35%.4 7.54%1.067
25,23 370.7464.1 236.4+42.0 8.29£0.95

Valuss are expressed as mean % SD of nine subjects.

" Maan values were significantly different from the other values in
" the ¢olumn {2-way ANOVR} : p < 0.05

] Skin nitrogen loss increased with
{Table 3). A correlation of the two sho
relatlonehip (r = +0.96,

inerease in plasma urea nitrogen
wed a poaitlve Bignificant
P < 0.05). Plasma urea nitrogen increased
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i re fairly cogstant. The temperature and
_elitiye humidity were between 25.5% and 26.6°C and 79.9 and 83%,

: éspaptively. The slight differences obaerved in temperature and
:relatlye humidity werse not Btatiastically different, thus we can pafely

in sweat lose were due to the

; A summary of nitrogen balance at
e:reppective levela of protein intake (Table 4) lllustrates the

fb@th;cf ignoring sweat nitrogen loeses. Nitrogen retention wag
‘ovarestimated without the inclusion of aweat nltrogen.

TABLE 4

'Urinary, Faeecal and Sweat Hitrogen Losses and Hitrogen Balance at
Lovels of Dietary Protain Intake.

us

NI uN FN 5N I-U-F I-U-F-§
48.515.7 41.4+4.7 15.322.77 5.45+0.79 =« 9.7 -15.27

S 66.0£7.5 47.043.8 16.6+3.60 6.36+0.70 + 1.0 - 5.4°
B4.559.8 53.645.7 16.5+3.83 6.65:10.73  +12.8 4 5.2§
101.7412.5 64.9+4.5 16.1+3.82 7.10#0.87" +19.2 +12.1

1= Nitrogen intake; UN = Urinary nitrogen; ¥N = Fascal nitrogen;

N:® Sweat nitrogen; NB = Nitrogen balance; I-U-F = Intake - Urinary -
cal nitrogen; I-U-F-5 = Intake - Urinary - Faaseal - Sweat nitrogen.

Mean values expressad as mean + 8D

: of nine subjects.
HMeantvalues aignificantly different frem the other valuee in the
“column (I-way ANOVA) at p < D.0S

“Hean values not significantly different fro
icolumn (2-way ANOVA} at p < 0.05
Values of nitrogen balancan are s

m the other values in the

ignificantly different (paired

: In experiment 2, gweat nitrogen was found to ba 9.744£0.44 mg
fkg/day. Table 5 shows tha mean sweat loss collected twice during the
agﬁgriment between days 18-20 {firet dietary interval) and 38-40 (second
Létaryfinterval). Their sweat loss way expressed as mg N/kg/day as well
8:per-total bedy surface area {mg N/m”/day}. The subjects had a fairly
ng gut”awaat loss which did not change with time. Atmoapheric
temparature was also found to be falrly constant throughout the period

: thé,experiment. Hean temperature of the twe perioda of sweat
o lettiqn was recorded at 24.5 (.
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TABLE 5

i t Nitrogen Losses of
0.6g Protein/kg/day

Bix Young Women an 40-Day continuoug Feeding on

Nitrogen Losa Daya 16-20

Daya 3B-40
n Swgat Mean S0 Mean sp
B9 N/day 545.90  83.57 547.60 86.04,
‘mg N/m"/day 333,10 23.13 343.40 27.04%
mg N/kg/day 9.74 0.42 9.75 0.35

il values are expressed as mean + SD of 8ix subjacts.

defference between days of collection {paired t-tast

DISCUSSIoy

fully acclimatized men
+B,9). It was alao observed that tha
lncreased sweat nitrogen lves did not result in increased taotal nitrogen
lognes after 2 period of adaptation {(9), thus the protein requirements
dffpeople living in the tropical areas are Pousibly net higher thap
thoee living in the temperate zones. Therefore, it is very egsential

that the nitregen loss through sweat should be determined in nitrogen
balance studies,

i In our study, the amount of daily nitrogen loss through the akin by

« 328, 350 and 371 mg N/kg/day for the protain
-3, 0.4, 0.5 and 0.6 g/kg/day, respactively. On continuous
ted protein allowance of 0.6 g/kg/day, sweat

amilton (15) reportad 764 mg

+ They did not do ang hard
extrems (about 25 ), thub

Our studies were conducted between the
when environmental tem

Lack of mcclimatization
sweat.nitrogen valyes found i
tudies, since they were carr

may have been responsible for the higher
N Consolazio and Mitchell and Hamilton‘a
ied out in temporary, artificiallly hot
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environments in temperste climates.
i_ihg in tropical cotntriea.
‘than values obtained by callow
temparate climataes.
'bb'Léatury sweat nit

Thus it ia not applicable to persong
Hevertheless, our values are much higher
ay et al. (3) for subjects in the

They obagrved a mean value of 112 mg/day as

rogen loem and 149 mg N/kg/day for a protein intake

Thus the 1985 FAQ/WHO/UND expert Committee (2)
for mweat nitrogen loss in the calculation of protei
‘estimation based on the Calloway @ptimates.
omparé adequately with results of investiga
acclimatized subijectse in tropical acreas.
“hou - Bweat loss to he 254 mg of nitrogen in eight African males engaged
in:aedentary activities. Freyberg and Grant (17} found average datly
nitrogen loss of 372 mg. Huang et al. (9) observed a range of 650-750
mg/day while Welner et al. (1B) obtained similar figures for
acclimatized Tanzanian men under hot conditiona, Huang et al. (9)
utther observed a seasonal change in the sweat nitregen loss. Higher
'Qkin nitrogen losges were observed during high environmental
temperaturss but then there was a compensatory significant reductlion in
r;héty nitrogen loss. Thus increased skin nitrogen loss in sweating
283 ‘not necessarily increase total nitrogen losses.

get up the allowance
n requirement
However, our range of valuas
tors who worked on highly
Darke {16) reported a mean 24

Data from this study reflected aimilar obsarvation by Cuthbertsen

:hdJGuthrie {19} that increasing the nitrogen content of the diet caused
an increase in the skin excretlion of nitrogen. Dermal nitrogen lass in
our:etudy increased with dletary protain eignificantly (p < 0.05} and

‘dermal nitrogen wae well related to the blood urea nitrogen., Similar
results wera obmerved by Calloway at al. (3).

regard to logses in sweat werem
-0%. This resulted in an undarestimation of

It ie lmperative that the Bweat loes should be
gatl@ated at different levels of dietary protein fer effective
caleculation of protaein requirements. Also the 198s FAO/WHO/UNU allowance

or:sweat is an underestimation under conditions prevailing in tropical
areas.
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