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Two lemen-time flavored 2.5% carbohydrate-electrolyte solu-
tions (CE1 supplemented with Na*, K+, and Mg*; and CE2 sup-
plemented with NA*) were compared to plain water {water) and
lemon-Hime flavored water placebo (placebo) to evaluate their
acceptability and consumption during 8 days of field training
in hot weather. Acceptability ratings and consumption of CE2
and the flavored water placebo were similar and greater, re-
spectively, than those for CEl. Average Na+ and K+ intakes,
and serum electrolytes leveis, were not affected during the
8-day trial. If food intake is adequate, consumption of carbohy-
drate-electrolyte solutions is apparently unnecessary to main-
tain electrolyte homeostasis.

Introduction

When unacclimatized soldiers must perform heavy work in
a hot environment, extensive dehydration and heat casu-
atties may reduce the effectiveness of a military unit. Loss of
more than 2% body weight from sweat can affect both perfor-
mance and recovery from physical activity.1-3 Moreover, signif-
icant loss of water with accompanying losses in sodium (Na+*)
and potassium (K+*) may predispose an individual to heat
cramps, exhaustion, or stroke.2.4-6

It has been hypothesized that consumption of a carbohy-
drate-electrolyte solution to replace fluid, energy, and electro-
lyte losses might reduce fatigue and heat injury. Alternatively,
if the carbohydrate beverages are too concentrated, then gas-
tric emptying may be compromised, rehydration delayed,?-10
and slowed fluid absorption could contribute to dehydration.

While the carbohydrate delivered from a 5% carbohydrate-
electrolyte solution may be inadequate to meet the total energy
requirernents of heavy exercise,” the benefits of continued in-
gestion of a carbohydrate-electrolyte solution (vs. water) dur-
ing work are: stabilization of blood glucose levels,!112 in-
creased  intestinal water absorption,’® and increased
consumption due to increased palatability of flavored water. 14

Researchers do not agree on the requirement for electrolyte
replacement during work in the heat, particularly if dietary
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consumption is adequate.36.15 Current doclrine recommends
that salt be added to the food (maximum intake of 10-15 g salt/"
day) for individuals working in the heat.+6.16-18 {t should be -
noted that most of the earlier studies evaluating salt require-
ments were of short duration (<24 hours),36 did not assess
period of acclimatization,*1® or were acute observations of de-*

sert dwellers. 18

This study was designed to determine the acceptability of -
two 2.5% carbohydrate-electrolyte solutions and examine the -
effects of their long-term (8 days) consumption on fluid intake
and on circulating and urinary electrolytes in soldiers consum-
ing an adequate diet during hot weather field training. '

Methods

The composition of the two lemon-lime flavored 2.5% car-
bohydrate-electrolyte solutions {CE1 and CE2) and the overall
physical characteristics of the subjects are described else-
where.19 Briefly, CE1 (supplemented with Na+, K+, and Mg*+),
CEZ2 (supplemented with Na+), plain water {water), and a lem-
on-lime flavored water placebo (placebo) were evaluated for ac-
ceptability. Each subject was given one of the four test bever-
ages (CE1, CEZ, water, or placebo} to consume ad libitum as the
primary source of drinking fluid, and in addition, each was
allowed to consume supplemental water and other liquids (e.g.,
milk, soda, etc.), especially at meal times. _

Soldiers were given fluid intake cards in the a.m. and p.m. to
record the number of canteens of primary test beverage and all
other beverages consumed between meals. Fluid intake during
the two hot meals (breakfast and dinner) was recorded by data
collectors. Food intake data were also collected at the A-ration
breakfast and dinner meals using a modified visual estimation
method.20 Subjects recorded lunch (Meal Ready to Eat) and
snack food intake on the fluid intake card. A 9-point hedonic
scale (1 = dislike extremely, 5 = neither like nor dislike, and 9
= like extremely)2! was printed on this fluid intake card and
used to raie daily the acceptability of the test beverages during
the warmest portion of the day. Acceptability data from an end-
of-study questionnaire were collected to obtain general impres-
sions of the test beverages.

Urine was coliected twice a day (a.m. and p.m.} and an-
alyzed for sodium (Na+t) and potassium (K+) concentration.
Blood was collected within 2 hours following arrival at Fort
Hood and on the eve of day 8. The serum samples were frozen
and later analyzed for electrolytes using flame photometry (Ra-
diometer Copenhagen FLM3).

The Statistical Package for the Social Sciences was used to
analyze the data. The Newman-Keuls and Tukey post-hoc com-
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_ . TABLEL- _
HEDONIC RATINGS OF BEVERAGES
Hedonic Rating Test Beverage
: . End-of-Study Intake
Test Beverage Daily Questionnaire {Lid)
CEl ' Bls 5.1 2140320
- Water. o 6.5¢ 6.1av 24 £ 020
Placebo - B.gbe 6.62. 30+020
CE2 . B N 6.9v 26+ 0220

" Based on 9-point rating scale where 1 = dislike extremely, 5 = neither like nor
dislike, and 9 = like extremely.
Means with unlike superscripts differ, p < 0.05.

parisons were done when significant differences {p<0.03) were
found. Means + SE are reported.

Results

Table I shows the mean hedonic ratings for each beverage
from the daily and end-of-study evaluations. As anticipated,
the ratings were slightly variable in terms of day-to-day quan-
titative ratings, but the relafive order of the ratings was analo-
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Fig. 1. Sodium changes in dietary intake, urinary excretion, and seram vatues for
each of four test beverage groups before, during, and/or after 8 days of work in the

heat. CE1 and CE2 are carbohydrate-electrolyte solutions, W is plain water, and FW is .

the flavored water placebo.
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Fig. 2. Potassium changes in dietary intake, urinary excretion, and serum values
for each of four test beverage groups before, during, and/or after 8 days of work in theé
heat. Abbreviations are identical to those in Figure I.

gous. Both evaluations indicated that CE2 was the most pre-
ferred and CE1 the least, and the difference between these two
carbohydrate-electrolytes beverages was significant (p <0.05}.
Although subjects drank about 500 ml/day more of CE2 (Table
1) than CE1, this difference was not significant. The consump-
tion of either water or placebo was significantly higher than
that of CE1, with no significant differences between water and
the placebo for hedonic rating or consumption. However, it is
important to note that the ratio of test heverage to plain water
consumed was 4.4 for the CE1 group, 11.4 for placebo, and 2.6
for CE2.

The mean Na + intake for all participants was 4,227 + 91 mg/
day or 10.6 g of salt (Fig. 1). The mean Na~ intake of the water
group (3,393 £ 147 mg/day) was significantly lower than that
of all other groups, including the group drinking the unsupple-
mented placebo {4,217 + 150 mglday). The pattern of urinary
Na* excretion closely followed Na* intake. The serum Na* val-
ues decreased significantly pre- to post-FTX for the CEl and
placebo groups, but these remained well within the range for
physiological normality.

The dietary intake {mean 3.4 + 0.07 g/day), urinary excre-
tion, and serum levels of K+ are shown in Figure 2. The only
difference in K+ intake among groups was the significantly
higher intake in the CE1 group (3.9 + 1.8 gfday). The CEl
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group drank the K+-supplemented beverage from the morning
through late afternoon period, and this was reflected in the
elevated urinary K+ levels in the p.m. samples. The significant
increase in serum K+ in the CE1 group was in contrast to no
significant alterations in any of the other groups.

Discussion

The formulation of the carbohydrate-electrolyte solutions
appeared to affect acceptability ratings. The hedonic ratings
for CE2, which were significantly higher than for CEl, sug-
gested that subjects preferred CE2 over CE1. Additional data
suggested that the perceived saltiness of CE1 most likely re-
duced its acceptability and contributed to its lower consump-
tion.22 Subjects assigned to the CE1 group recommended re-
ducing the salt content of the CE1 solution.2? Sweetness was
significantly different among CE1, CE2, and the flavored water
placebo, and consequently opinions on the amount of sweet-
ness were mixed.

Hedonic ratings of test beverages were positively correlated
with consumption data. For example, CE1 was generally the
least preferable and also the least consumed of all three of the
flavored test beverages. Likewise, both acceptability ratings
and consumption of CE2 and the flavored water placebo were
remarkably similar.

Since subjects were allowed to supplement the assigned test
beverage with water or other fluids and recorded the type and
quantity, we were able to compare the consumption of the
three test beverages to that of plain water for each group.
These results indicated that soldiers preferred each of the col-
ored, flavored test beverages over plain water (flavored water
placebo/water = 11.4; CEl/water = 4.4; CE2/water = 2.6).

An active person may lose 8-12 liters of sweat per day!7-18
containing 10-15 g of salt. Thus, the mean salt intake during
the present study {10.6 g salt/day) was apparently adequate to
replace normal losses in sweat, and supplementation with elec-
trolyte solutions was probably unnecessary. Additionally,
when Na+ intake is decreased, renal conservation mechanisms
result in reduced Nat excretion. Since subjects who were not
receiving an Na+t-supplemented beverage continued to excrete
Na+ at normal levels, dietary intake was apparently adequate
in all groups for the work and environmental conditions of the
present study. While the intake and urinary excretion of Na*
was highest in the CE] group, there also occurred a statistically
significant reduction in serum Na* in this group. However, this
slight reduction was apparently not physiologically significant
since levels remained clinically normal.

The combination of the K+ content of the CEl beverage and
dietary intake in this group led to a statistically significant
elevation in mean serum K+ during this training exercise. With
sufficient food intake, the K+-supplemented beverage probably
was unnecessary. For example, the total K+ intake of the place-
bo and CE1 groups was similar despite the fact that the CE1
group was drinking a K+-supplemented sclution; both groups
completed the test with no significant effects on mean serum
K+ levels. _

In conclusion, drinking carbohydrate-electrolyte solutions

Carbohydrate-Electrolyte Solations

did not elicit physiologically significant alterations in serum
electrolytes. Circulating Na+ and K+ levels of all groups re-
mained in the normal clinical range during the 8-day interval.
Thus, while the results of this study established the safety of
ingesting these beverages under moderate work in the heat, we
found no evidence that providing a carbohydrate-electrolyte
solution provides nutritional or hydrational benefit to individu-
als under these conditions. Our data indicate that if food intake
is adequate, consumption of water or non-nutritive flavored
beverages is sufficient to maintain electrolyte and fluid homeo-
stasis. The effectiveness of carbohydrate-electrolyte solutions
under severe heat stress conditions cannot be determmed from
this study and awaits future field studies.
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