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The purpose of this study is to investigate the morphofunctional response of a
total number of absorptive cells, and carbohydrate and protein absorption
capability in the small intestine of Rattus norvegicus strain Wistar (RNSW)
that has been subjected to aerobic and anaerobic physical training based on
the morphofunctional physiological paradigm. This study was based on the
separate sample pretest-posttest control group design, using a t-test, and
multivariate SPSS ten program, with five percent level of significance. The
sample consisted of one hundred and twenty, male RNSW, with average age
of five months, and body weight of 246-278 grams. They were divided into
twelve groups at random, i.e. four pretest groups, two control groups, and six
treated groups where different diets were given thirty minutes before
undergoing posttest. The experimental animals underwent four weeks
physical training (twelve times), three groups were given aerobic physical
training by swimming with a burden of three percent fasting body weight, the
others three groups received anaerobic physical training by swimming with a
burden of nine percent fasting body weight. The experiment was conducted at
night, between 7.30 PM to 10.30 PM, in a water with a temperature of 28°C
to 30°C. Result of the study revealed: (1) Aerobic and anaerobic physical
training, increased the number of absorptive cells (t = -73,281, p = 0,000),
and increased the absorptive capacity of carbohydrate and protein
(Hotelling’s Trace = 0,244, p = 0,000). (2) There was a difference in the
increased absorptive capacity of carbohydrate and protein among groups
(Hotelling’s Trace = 0,404a, p = 0,000). Aerobic physical training had less
influence than anaerobic physical training on the increased number of
absorptive cells, and the absorptive capacity of carbohydrate and protein in
the small intestine. In conclusion: (1) Aerobic physical training of swimming
with a burden of three percent fasting body weight, and anaerobic physical
training of swimming with a burden nine percent fasting body weight
correlate with the increase the number of absorptive cells, and carbohydrate
and protein absorptive capacity of the small intestine. (2) Anaerobic physical
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training of swimming with a burden nine percent fasting body weight has
better correlation than aerobic physical training of swimming with a burden
of three percent fasting body weight with the increased number of absorptive
cells, and the absorptive capacity of carbohydrate and protein in the small
intestine.
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1. Introduction

An athlete needs and uses much energy which comes from nutrients. To be able to do a training and join a
competition in a more optimal condition the athlete needs energy coming from a larger amount of higher quality,
more digestible nutrient which small intestines can more easily absorb.

Carbohydrate is very important in our body as energy substance and it is very useful to an athlete in a kind of
sport which uses speedy (short) time with high intensity whereas protein serves as material substance that keeps the
body condition and development well. Some research findings show that after a sprint with high-intensity significant
increase in small intestinal permeability occurs (Pals, 1997). The composition of solution can have a significant
effect on water absorption speed in different intestinal parts after a training (Lambert, 1997). An hour after a
moderate training can increase iron absorption speed (Schmid, 1996). Swimming has a positive effect on a number of
cells and a sprint has an effect on the increase in the number of cells (Praag, 1999).

Gastrointestinal dysfunction especially in small intestines, particularly the prevalence number of indigestion and
malabsorption is still very high (Soeparto, 1999). Maldigestion or malabsorption is a condition that causes less
efficient assimilation from nutrient digestion both as the result of maldigestion and malabsorption (Ulshen, 1996;
Soeparto, 1999).

One of the causes of malabsorption is a low small intestinal function that makes it unable to serve an optimal
function as the result of less than an adequate number of daily activities to stress absorption system function. If the
low quality small intestinal absorption system function continues, it will cause human resources to have low nutrient
status, problems in fitness and physical health who have low performance and low sports achievement. One of the
significant efforts that can be made to avoid that condition or to improve it is through aerobic and anaerobic physical
training.

This study used Rattus Norvegicus Strain Wistar (RNSW) as a sample and since in each analysis unit a sample
member is killed, it is not possible to use humans as a sample in this study. The problems under study were (1) Is
there any effect of aerobic and anaerobic physical training on carbohydrate (glucose), protein absorption and small
intestinal absorptive cells? (2) Is there any difference in the effect of aerobic and anaerobic physical training on
carbohydrate (glucose) and protein absorption and small intestinal absorptive cells?

This study aimed at studying the carbohydrate (glucose) and protein absorption and small intestinal absorptive
cells after being given aerobic and aerobic and anaerobic physical training based on a biologic paradigm with the
morpho-function concept.

2. Materials and Methods

This study belonged to a laboratory experiment. The design used separate sample pretest-posttest control group
design (Campbell, 1966). The sample animal, i.e., RNSW, aged = 1 month, were reared until they were 5 months
old. The data were analyzed by statistical t-test and multivariate analysis using SPSS program version ten.
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The number of sample animal was 120 heads + 24 heads of male as a reserve which were selected at random. The
sample was divided at random into 12 groups, i.e., 4 pretest groups, 2 control groups (1 fasting control group, and 1
control group which was given standard diet before posttest) and 6 treatment groups, each of which consisted of 10
heads and 2 heads of the reserve. The sample animal was given a standard diet of KP3 CP124 pellets produced by
PT. Charoen Pokphand Indonesia Mojokerto.

The training was done 4 weeks with 3 times a week and took place every Monday, Wednesday, and Friday at
19.30 West Indonesia Time, at 28°-30°C. The animals were not fed for 16 hours (Smith, 1994) and were fed 30
minutes before the pretest and posttest. The feeding before the pretest and posttest was done by spoon- feeding to
give equal a dose to every animal according to each group, i.e.,

a) The groups were fed with the standard diet, every animal in the sample was fed with 2.5-gram standard diet
which was inserted into a tube mixed with 5 ml aqua water and was stirred evenly and then was given to the
sampled animal by spoon-feeding 30 minutes before pretest and posttest.

b) The groups were fed the standard diet + glucose, every animal was fed with 2.5-gram standard diet + 2.5-
gram amino acid + 2.5 ml aqua water inserted into a tube and was stirred evenly and then was fed to the
sampled animal by spoon-feeding 30 minutes before pretest and posttest.

c) The groups were fed the standard diet + amino acid + 2.5 ml aqua water inserted into a tube and was stirred
evenly and then was fed to the sampled animal by spoon- feeding 30 minutes before pretest/posttest.

After the aerobic physical training (the body weight reduced as much as 3% of the fasting body weight and after the
anaerobic physical training (the body weight reduced as much as 9% of the fasting body weight) on the last day of
the period in which the sampled animal was let to rest for 32 hours (having a rest for 16 hours during which time the
animal was given food and drink and then it was fasting for 16 hours), then a posttest was administered.

The material for carbohydrate (glucose) and blood protein examination in the pretest and posttest were taken
from vena porta at the 30™ minute after the diet by using Stera brand 5 ml disposable syringe. 4-5 ml blood was taken
after the sampled animal was given anesthesia by giving ether inhalation. The highest nutrient absorption occurred in
the jejujunum small intestine (Ganong, 2001; Guyton, 2000).

The examination of the dependent variable was done for (1) carbohydrate (glucose) in the blood examined by
method O’Toluidin. (2). Blood protein (total protein) was examined by method Biuret. (3). The absorptive cells were
examined by method Periodic Acid Schiff (PAS). The data analysis used t-test and MANOVA at 95% level of
significance.

3. Results and Discussions
3.1 Result

Table 1 Result of the Observation of the Number of Absorptive Cells, Blood Glucose and Blood Protein in Vena
Porta in the Group Fed with the Standard Diet (Control) and the Group doing Aerobic Physical Training Fed with the
Standard Diet (Posttest)

Table 1
Group doing Aerobic Physical Training Fed with the Standard Diet (Posttest)

Standard Diet (Control)  Aerobic+Standard Diet (Posttest)

Variable Mean  SD Mean SD P

Number of absorptive cells  217.00 10.549 422.300 14.267 -36.445  0.000
Blood glucose 154.970  20.670 160.991 61.048 1.667  0.026
Blood protein 7.013 0.827 7.557 2.116 -0.757  0.027

Note: blood glucose and blood protein (mg %), SD = standard deviation, p = probability

Table 1 shows in the group doing aerobic physical training and fed the standard diet 30 minutes before the posttest
that the number of absorptive cells, blood glucose and blood protein in vena porta increased significantly (p<0.05).
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Table 2 Result of the Observation of the Number of Absorptive Cells, Blood Glucose and Blood Protein between
the Group Fed with the Standard Diet (Pretest) and the Aerobic Group Fed with the Standard Diet (Posttest)

Table 2
Group Fed with the Standard Diet (Pretest) and the Aerobic Group Fed with the Standard Diet (Posttest)

Variable Standard Diet (Pretest)  Aerobic+Standard Diet (Posttest)

Mean SD Mean SD T P
Number of absorptive cells 218.700 10.467 422.300 14.267 -36.384  0.000
Blood glucose 123.913 18.404 160.991 61.048 -1.839 0.000
Blood protein 6.336 0.720 7.557 2.116 -1.727 0.001

Table 2 shows in the group doing aerobic physical training group and fed the standard diet 30 minutes before posttest
that the absorptive cells, blood glucose and blood protein in vena porta increased significantly (p<0,05).

Table 3 Result of the Observation of the Number of Absorptive Cells, Blood Glucose and Blood Protein in the
Group Fed with Standard Diet+Glucose (Pretest) and the Group who did Aerobic Physical Training and was Fed
with the Standard Diet +Glucose (Posttest)

Table 3
Group who did Aerobic Physical Training and was Fed with the Standard Diet +Glucose (Posttest)

Standard Diet+ Aerobic Standard Diet+
Variable Glucose (Pretest) Glucose (Posttest) T p
Mean SD Mean SD
Number of absorptive cells 228.500 21,407 453.400 9.276 -30.483  0.000
Blood glucose 172.916 32,244 189.972 26.586 -1.291 0.000
Blood protein 5.759 0,351 6.221 0.464 -2.508 0.022

Table 3 shows in the group doing aerobic physical training and fed with the standard diet+glucose 30 minutes before

posttest that the number of absorptive cells, blood glucose and blood protein in vena porta increased significantly
(p<0.05).

Table 4 Result of the Observation of the Number of Absorptive Cells, Blood Glucose and Blood Protein between
the Group Fed with Standard Diet+Amino Acid (Pretest) and the Group that did Aerobic Physical Training and was
Fed with the Standard Diet +Glucose (Posttest)

Table 4
Group that did Aerobic Physical Training and was Fed with the Standard Diet +Glucose (Posttest)

Standard Diet + Aerobic with Standard Diet
Variable Amino Acid (Pretest) +Amino Acid (Posttest) T p
Mean SD Mean SD
Number of absorptive cells 227.900 17.155 442.100 14.208 -30.408  0.000
Blood glucose 159.344 24.741 190.388 23.158 -2.897 0.010
Blood protein 5.526 0.530 6.130 0.195 -3.377 0.003

Table 4 shows in the group doing aerobic physical training and was fed with the standard diet 30 minutes before

posttest that the number of absorptive cells, blood glucose and blood protein in vena porta increased significantly
(p<0.05).

Table 5 Result of the Observation of the Number of Absorptive Cells, Blood Glucose and Blood Protein in the
Group Fed with Standard Diet (Pretest) and the Group that did Aerobic Physical Training and was Fed with the
Standard Diet (Posttest)
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Table 5
Group that did Aerobic Physical Training and was Fed with the Standard Diet (Posttest)

Standard Diet Anaerobic with Standard
Variable (Pretest) Diet (Posttest) t P
Mean SD Mean SD
Number of absorptive cells 218.700 10.467  441.800 21.857 -29.112 0.000
Blood glucose 123.913  18.404 204.968 35.064 -6.473 0.000
Blood protein 6.336 0.720 6.651 0.791 0.842 0.026

Table 05 shows in the group doing anaerobic physical training and was fed with standard diet 30 minutes before
posttest that the number of absorptive cells, blood glucose and blood protein in vena porta increased significantly
(p<0.05).

Table 06 Result of the Observation of the Number of Absorptive Cells, Blood Glucose and Blood Protein in the
Group Fed with Standard Diet (Control) and the Group that did Aerobic Physical Training and was Fed with the
Standard Diet (Posttest).

Table 6
Group that did Aerobic Physical Training and was Fed with the Standard Diet (Posttest).
Standard Diet Anaerobic with Standard
Variable (Control) Diet (Posttest) t p
Mean SD Mean SD
Number of absorptive cells ~ 217.800  10.549 441.800 21.857 -29.187  0.000
Blood glucose 194.970 20.670 204.968 35.064 -0.777  0.010
Blood protein 7.013 0.827 6.051 0.791 2.656 0.016

Table 6 shows in the group that did anaerobic physical training and was fed with the standard diet 30 minutes before
posttest that the number of absorptive cells, blood glucose and blood protein in vena porta increased significantly
(p<0.05).

Table 7 Result of the Observation of the Number of Absorptive Cells, Blood Glucose and Blood Protein in the
Group Fed with Standard Diet +Glucose (Pretest) and the Group that did Anaerobic Physical Training and was Fed
with the Standard Diet +Glucose (Posttest).

Table 7
Group that did Anaerobic Physical Training and was Fed with the Standard Diet +Glucose (Posttest).
Standard Diet + Anaerobic with Standard
Variable Glucose (Pretest) Diet +Glucose (Posttest) t p
Mean SD Mean SD
Number of absorptive cells 452900 9314 441.900 10.148 2.525 0.021
Blood glucose 172916  32.244 186.224 34.040 0.451 0.000
Blood protein 5.759 0.351 6.796 0.841 -3.597 0.002

Table 7 shows in the group doing anaerobic physical training and was fed with the standard diet + glucose 30
minutes before posttest that the number of absorptive cells, blood glucose and blood protein in vena porta increased
significantly (p<0.05).

Table 8 Result of the Observation of the Number of Absorptive Cells, Blood Glucose and Blood Protein in the
Group Fed with Standard Diet+Amino Acid (Pretest) and the Group that did Aerobic Physical Training and was Fed
with the Standard Diet+Amino Acid (Posttest)
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Table 8
Group that did Aerobic Physical Training and was Fed with the Standard Diet+Amino Acid (Posttest)

Anaerobic with

Variable Starzia.r:li D;et+Am1n0 Standard Diet+Amino t p
el (B Acid (Posttest)
Mean SD Mean SD
Number of absorptive cells 227.900 17.155 445.100 11.298 -33.436  0.000
Blood glucose 159.344 24.741 191.637 68.228  -1.407 0.030
Blood protein 5.526 0.530 7.385 0.886  -5.691 0,000

Table 8 shows in the group doing anaerobic physical training and was fed with the standard diet+amino acid 30
minutes before posttest that the number of absorptive cells, blood glucose and blood protein in vena porta increased
significantly (p<0.05).

Table 9 Result of the Observation of the Number of Absorptive Cells, Blood Glucose and Blood Protein in the
Group Doing Aerobic Physical Training and the Group Doing Anaerobic Physical Training and was Fed with the
Standard Diet (Posttest)

Table 9
Group Doing Anaerobic Physical Training and was Fed with the Standard Diet (Posttest)
Aerobic+Standard Anaerobik+Standard
Variable Diet (Posttest) Diet (Posttest) t P
Mean SD Mean SD

Number of absorptive cells ~ 422.300 14.267 441.800 21.857 -2.362 0.030
Blood glucose 160.991 61.048 204.968 35.064 -1.975 0.000
Blood protein 7.557 2.116 6.051 0.791 2.108 0.049

Table 9 shows the result of the observation of the group that did aerobic physical training and the group that did
anaerobic physical training and was fed with the standard diet 30 minutes before posttest that the numbers of
absorptive cells, glucose, and blood protein differed significantly (p<0.05). This shows that the number of blood
protein in vena porta increased in a greater number in the group that did aerobic physical training than the group that
did anaerobic physical training while the number of absorptive cells and blood glucose in vena porta in the group that
did aerobic physical training increased in a smaller number than the group that did anaerobic physical training.

Table 10 Result of the Observation of the Number of Absorptive Cells, Blood Glucose and Blood Protein in the
Group Doing Aerobic Physical Training and the Group Doing Anaerobic Physical Training and was Fed with the
Standard Diet +Glucose

Table 10
Group Doing Anaerobic Physical Training and was Fed with the Standard Diet +Glucose

Aerobik with Standard Anaerobic with Standard

Variable Diet+Glucosa (Posttest) Diet+Glucosa (Posttest) t p
Mean SD Mean SD

Number of absorptive cells 453.400  9.276 441.900 10.148 2.645 0.000

Blood glucose 189.972 26.586 166.224 34.040 1.739 0.010

Blood protein 6.221 0.464 6.796 0.841 -1.892  0.003

Table 10 shows the result of the observation of the group that did aerobically and the group that did anaerobic
trainings that were fed the standard diet + glucose 30 minutes before posttest that the number of absorptive cells,
blood glucose, and blood protein differed significantly (p<0.05). This shows that blood glucose in vena porta
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increased in a higher number in aerobic physical training than in anaerobic physical training while the number of
absorptive cells and blood protein in vena porta increased in a smaller number in aerobic physical training than in
anaerobic physical training.

Table 11 Result of the Observation of the Number of Absorptive Cells, Blood Glucose and Blood Protein in the
Group Doing Aerobic Physical Training and the Group Doing Anaerobic Physical Training and was Fed with the
Standard Diet (Posttest)

Table 11
Group Doing Anaerobic Physical Training and was Fed with the Standard Diet (Posttest)

Aerobic with Standard Diet Anaerobic with Standard

Variable +Amino Acid (Posttest) Diet+Amino Acid t P
(Posttest)
Mean SD Mean SD
Absorptive cells 422.100 14.208 445.100 11,298 -0.523 0.000
Blood glucose 190.388 23.158 191.637 68.228 -0.055 0.022
Blood protein 6.130 0.195 7.385 0.886 -4.374 0.000

Tabel 11 shows the result of the observation of the groups doing aerobic and anaerobic physical training fed the
standard diet + amino acid 30 minutes before posttest that the number of absorptive cells, blood glucose and blood
protein differed significantly (p<0.05). This shows that the number of absorptive cells, blood glucose and blood
protein in vena porta in aerobic physical training increased in a smaller number than in anaerobic physical training.

Table 12 Test of Differences in the Number of Absorptive Cells, Blood Glucose and Blood Protein in the Group
that did Aerobic Physical Training and Anaerobic Physical Training (Posttest)

Table 12
Group that did Aerobic Physical Training and Anaerobic Physical Training (Posttest)

Aerobic Physical Training Anaerobic Physical
Variable (Posttest) Training (Posttest) p
Mean SD Mean SD
Absorptive cells 439.266 17.984 442.933 14.908 0.000
Blood glucose 180.450 41.693 187.609 49.528 0.000
Blood protein 6.636 1.744 6.744 0.982 0.000

Hotelling’s Trace = 0,404° p = 0.000 Glucose and blood protein (mg %)

The analysis used multivariate statistics (Hotelling’s Trace). The result shows that the effect of aerobic and anaerobic
physical training on the increase in the number of absorptive cells, glucose (carbohydrate) and protein (total protein)
absorption in small intestine differ significantly (p<0,05), Hotelling’s Trace value = 0,404 (p=0,000). This shows
that the number of absorptive cells, carbohydrate (glucose) and protein ( total protein) absorption in small intestine
increased in a smaller number in aerobic physical training than in anaerobic physical training (p<0,05).

3.2 Discussion
Physical Training

The basic practice in aerobic physical training is that the physical training with a load, and light intensity
(medium) up to sub-maximum done continually over a relatively long period of time. The swimming program with a

load 3% of the fasting weight done continually with a medium intensity for a relatively long period in accordance
with the training program is a dosage of an aerobic physical training. The load of 3% of the fasting weight is tied 5

Kanca, I. N., Swadesi, I. K. 1., Yoda, 1. K., & Wijaya, I. M. A. (2017). The effect of aerobic and anaerobic physical
training on the absorptive cells, absorption of carbohydrate and protein in small intestine.

International Research Journal of Engineering, IT & Scientific Research, 3(6), 77-88.
https://sloap.org/journals/index.php/irjeis/article/view/12



84 ISSN: 2454-2261

cm from the tip of the tail (McArdle & Montage, 1966). The animal is said to be tired if it cannot lift up its head any
longer above the water surface, i.e., for 10 seconds (McArdle & Montage, 1966).

The practice in an anaerobic physical training is to give a maximum load with a high intensity (quickly) done in a
relatively short time and is repeated intermittently several times. Swimming training with a load of 9% of the fasting
weight done intermittently with a high intensity is a dosage of an anaerobic physical training program. The load of
9% of the fasting weight was tied 5 cm from the tip of the tail (McArdle & Montage, 1966). The training is done 3
sets with 3 repetitions of each set, the resting time is at a 60-second interval and the resting time for each set equals
to 3 times as long as the resting time for each interval (Fox, 1984). The giving of the same dosage to an aerobic
physical training as to an anaerobic physical training in this study was based on the result of the try-out duration of
the swimming training. Thus the training was done on days 1, 2, 3, 4 for 45 minutes, on days 5, 6, 7, 8 for 48 minutes
and on days 9, 10, 11, 12 for 51 minutes. The length of time of the training was made relatively equal to that of the
training program so that the difference in dosage between the aerobic training and the anaerobic physical training lay
in the load and intensity of the training.

Adaptation as the Effect of a Physical Training

Small intestine adaptation is a change in mucosal structure, sitokinetics of the digestive and absorptive function
that occurs as a response to various stimuli, hormonal and dietary change (Dowling, 1988). There is a predominance
of the oxidative system to supply the energy cost of judo matches from the first minute of combat up to the end,
compared with the anaerobic systems (Ursula F, 2017).

Aerobic and anaerobic physical training with the frequency 3 x 1 week for 4 weeks is a physical stressor that can
be conditioned, which results in the body to be able to adapt itself and at the same time to able to improve and
increase its functional system. A physical training is essentially something given to the body to produce an
adaptation that can increase its functional capacity (Davis et al., 1997; Viru & Smirnova, 1995). Completion of a
morning swimming session alone or together with resistance exercise can substantially enhance sprint-swimming
performance completed later the same day (Courtney, 2017).

Body’s adaptability will increase according to a load of stress given (Dick, 1992; Rushall, 1992). The form of
body’s adaptation to the physical training program is reflected in the performance of the physical movement
(Garagiola, 1995). A dosage of physical training that suits the body’s response can act as a stimulator (Rushall,
1992). The growth hormonal level in an individual will increase if the individual is active or doing a sport.
(Soewondo, 1996). The physical training causes improvement in the growth hormonal secretion in the blood (Lamb,
1984). It can increase the number of cells (Praag, 1999). Ice-mile swimmers may become hypothermic while
swimming and the post-swim body temperature after drop may expose them to dangerous levels of hypothermia.
Pace and respiratory rate should be monitored for hypothermia for at least 1 hour (John Kenny, 2017). The increase
in mucosal layers causes the gradual increase in intestine mucosal surface area. Increase in absorption per intestine
length unit seems to be the effect of the increase in absorption surface area that is caused by mucosal dilatation and
hyperplasia (Soeparto, 2003).

Alter a meal, the level of blood glucose increases for + 30 minutes and gradually returns to its fasting level (70-
100mg/100ml) alter 90-180 minutes (Almatsier, 2001). A slow absorption occurs alter a drink containing 12%
glucose during an intermittent training (Davis, 1998). The glucose absorption increases significantly in
gastrointestinal alter drinking a supplement drink containing caffeine during the training (Van Nieuwenhoven, 2000).
During the absorption blood circulation in villi and submucosal layers increases, an increase in blood circulation in
mesenteric superior artery generally occurs after a meal (Sanford, 1992; Sieber, 1991). Water and nutrient absorption
mostly occurs in the upper part of the small intestine during the training (Maughan, 1999). Insulin hormone is very
important in controlling the physiology of glucose or plasma protein use. More than 99% the final digestiéon product
of protein absorbed is in the form of single amino acid (Guyton, 2000). A regular physical training can increase
body’s organ physiologic ability by 25% (McArdle, 1986).

Amino acid absorbed in small intestine enters blood circulation via vena porta (Almatsier, 2001). After eating
food containing protein a sharp temporary increase occurs in portal blood amino nitrogen. Most of the protein being
absorbed passes luminaire membrane of intestinal epithelial cells (small intestinal entero cite) in the form of
dipeptide, tripeptide, dan some free amino acids (Ganong, 2001; Guyton, 2000).

A training done 3 x 1 week for 4 weeks can correct glucose metabolism (Jun 1994). A physical training with a
high intensity for 8 weeks increases glucose metabolism (Fuji, 1992). Cycling for 60 minutes improves growth
hormone (GH) and insulin-like growth factor-1 (IGF-1) (Manetta, 2002). Heavy training improves GH, growth
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hormone releasing hormone (GHRH) (de Vries, 2002). Stamina training with a high intensity increases GH and IGF-
I system activity (Lacour, 2002). At the threshold anaerobic training increases GH, prolactin (Gursel, 2001).
Anaerobic training increases cortisol concentration, GH dan decreases insulin concentration (Viru, 2001). TGF-o and
TGF-B play a role in the regulation of the balance between proliferation and change of epithelia cells. The TGT-a the
proliferative effect is balanced by the TGF- B (Roy, 1995 in Soeparto et al., 2003).

Thus, in the physical training program with a low and médium intensity cant increase growth hormone (Widemen,
2000) and IGF-1 (Lacour, 2002) and IL-6 (Harbuz, 1992; Pedersen, 2000). The increase in growth hormone and IGF-
1 can increase hyperplasia through epidermal growth factor mechanism (EGF) (Beaulieu, 1981; Opleta-Madsen,
1991; Burrin, 1995). The increase in activity in EGF can increase Na=glocose cotransporter-1 (SGLT1) (Chung,
1999). IL-6 was known to play a role in increasing small intestinal brush border (Scott, 2000; Zhou, 2003). On the
grounds of the two hormonal mechanisms and cytokine above, then the physical training can increase the absorption
ability in small intestine.

The findings in this study show that physiologic adaptation occurs in the effort in which the small intestine
functionally adapts its need for nutrients so that a change in the small intestine mucosal structure for nutrients,
cytogenetics of the digestive and absorptive function occurs as a physical aerobic training as a response to anaerobic
training with a load of 3% fasting body weight and anaerobic training as the response to the aerobic training with a
load of 3% the fasting weight and an anaerobic training with a load of 9% the fasting body weight which become the
stressor of the body that is conditioned.

4. Conclusion

(1) Aerobic physical training of swimming with a burden of three percent fasting body weight and anaerobic
physical training of swimming with a burden nine percent fasting body weight correlate with the increase
the number of absorptive cells, and carbohydrate and protein absorptive capacity of the small intestine.

(2) Anaerobic physical training of swimming with a burden nine percent fasting body weight has a better
correlation than the aerobic physical training of swimming with a burden of three percent fasting body
weight with the increased number of absorptive cells, and the absorptive capacity of carbohydrate and
protein in the small intestine.

Suggestion

The findings of this study are the initial steps in further research to reveal in the more comprehensive manner the
effect of aerobic physical training with a load of 3% of the fasting body weight and anaerobic physical training with
a load of 9% of the fasting body weight on the nutrients in small intestines. Some suggestions need to be made which
include: (1). It is hoped that the newly developed concept can be investigated involving other material to enhance the
small intestine morphofunctional to optimize achievement of athletes. (2). Aerobic physical training with a load of
3% of the fasting body weight and anerobic training with a load of 9% the fasting body weight can be expected to be
investigated by using animals as the guinea pigs whose body organs physiological functions are relatively similar to
those of the human so that the findings can be applied to human. (3). This study should be done clinically with a
human to have a more relevant application.
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