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Effects of Fluid Replacement after Moderate Exercise

— Comparison between Water, Glucose, Citric Acid and Vinegar —
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ABSTRACT

We examined the effect of fluid replacement after moderate exercise, for 30 min at 60
9%HRmax. The investigation was carried out in five healthy university students, 24 =+ 2 (mean
+ S.E.) years old. Subjects drank one of the following four test solutions twice, immediately
after and 30 min after the exercise: 1) distilled water (group W), 2) 6% glucose solution (group
G), 3) 0.5% citric acid solution containing 6% glucose solution (group C), and 4) vinegar
diluted ten-fold with water (about 0.5% acetic acid) containing 6% glucose solution (group V).
Each ingestion volume was 250 y¢ at a time. Six blood samples (before exercise and 0, 15, 30,
60 and 120 min after exercise) were drawn. The three physical sensations, fatigue, thirst and
relaxation, were checked up at three times, immediately after the exercise, and after the first
and the second drinking.

No significant increase in hematocrit and serum lactic acid concentration was observed in all

groups immediately after exercise. Group G, C and V increased significantly in serum glucose,
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~serum insulin and serum lactic acid after the ingestion. However, the suppression in the
increment rate was observed in two groups, C and V. Free fatty acids reduced immediately
after the exercise, and during recovery period, group W only showed a significant increase to
the contrary other three groups indicated decreasing tendency. Group G indicated the most
effective improvement substantially the whole physical sensations. However, vinegar
contributed to the equal or more speedy improvement, especially on the sensation of fatigue
and relaxation.

During exercise recovery period, the ingestion of citric acid or vinegar with glucose
indicated suppressing tendency on the variation of blood glucose as compared to the ingestion
of glucose only. Moreover, addition of vinegar effected the improvement of a few physical
sensations after exercise. These results suggests that vinegar ingested with glucose is more
efficient solution for the individual who have a few abnormalities on blood glucose metabolism

and/or physically fatigue person after exercise.
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1 Changes is in hematocrit before and at 0, 15, 30, 60 and 120 min after the
exercise (mean * S.E.). Subjects drank one of the four test solutions, water,
6% glucose, 0.5 % citrate containing 6 % glucose and vinegar, ten-fold
diluted with water containing 6 % glucose, twice, immediately after and 30
min after the exercise,
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@12 Changes in serum potassium (mean = SE.).
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#% 1 Summary of blood variables for each trial, water, glucose, citric acid and vinegar at pre-exercise.

group Hematocrit (%) | Potassium (mEgl) | Chloide (mEq/) | Sodium (mEg/l) Calcium {mg/dl) Lactate (mmol/dl)
water 45.6 = 0.68 432+0.16 106.6 + 0.98 143.8 +0.74 9.78 £ 0.10 23022
glucose 458 £ 1.79 4,06 +0.14 107.0 + 0.89 142.6 +0.51 9.90 +0.21 2.1 +£0.09
citric acid 43,1 = 1.58 412+ 0.11 106.8 = 1.02 143.0 £ 0.55 9.50+0.22 1.9 + 0.09
vinegar 437+ 141 4.14 +0.09 107.0 = 1.00 144.4 + 0.51 9.58 £0.16 20+0.18
group Glucose (mg/dl) | Insulin (xUfml) | FFA (mEql) | Glycerol (mg/dl) TG (mg/dl)

water 83.0+ 1.70 7.8 £0.97 0.394 £ 0.022 0.68 £ 0.037 93.4 £ 18.64

glucose 770+t 1.52 8.0+ 1.30 0.390 =+ 0.087 0.72 £0.097 [110.6 = 21.44

citric acid 83.6 £2.04 8.2+240 0.528 + 0.066 0.90 + 0.089 71.7 + 31.69

vinegar 81.4+242 8.2 + 1.63 0.258 +0.072 0.73 £0.103 76.6 = 11.32

Values are means =+ SE; n=5. No significant difference was found among each trials for all variables.

FFA : Free Fatty Acids ; TG : Triacylglyceride
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12 Rating scale and changes in the three sensations: fatigue, thirst and relaxation. Each symbol indicates following four groups: distilled
water (O), glucose (), citric acid (@) and vinegar (4.). Points represent average varues of the difference between immediately after exercise
(basal value) and after the first (0 min after exercise) and second (30 min after exercise) drinking .
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