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A Study on Energy Expenditure in Korean Children

Seung-Ho Oh
Dept. of Food and Nutrition, Chonnam National University, Kwangju 500-757, Korea

Abstract

A 4-week energy balance study was conducted to estimate the energy expenditure (EE) of 16 primary
school age boys and girls, 8 to 12 year age, by measurement of energy intakes and changes in body energy
(BE) content (intake /balance technique), keeping their normal living pattern and eating behavior. Gross
energy intake (GE) and fecal energy(FE) loss was measured by bomb calorimetry. Urinary energy (UE) loss
was calculated from nitrogen excreted. Fat mass (FM) was determined from body density estimated from
skinfold thickness. Mean constitutional ratio of carbohydrate, protein and fat for the total energy intake was
70.1+1.8%, 12.2+0.7% and 17.7 +2.0% for the boys and 74.0+1.7%, 10.7 £0.3% and 15.3+0.5% for
the girls, respectively. Fecal energy loss was 5.1% and 4.5% proportion of the gross energy intake for the
boys and girls, respectively. Mean daily metabolizable energy estimated by subtract fecal and urinary energy
loss was 1862+ 15kcal for the boys and 1627 +20kcal for the girls. Total body energy change estimated
from body composition change over 28 days was increased 1524+ 539kcal for the boys and 3622 1 718kcal
for the girls. Mean daily energy expenditure was 1812+ 37kcal(62 +2kcal / kg of body weight) for the boys
and 1487 +25kcal (52 + 2kcal / kg of body weight) for the girls.
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& hemoglobin (Hb) ¥ hematocrit(Hct x| o} 3 F Table 2. Labolatory findings of blood in each subject
albumin/globulin (A/G) ratiog 5723 Zi(Table 2 3 Subject  Hemoglobin (g/dl) Hematocrit (%) A/G (ratio)
Z33)} ol Al=Ale] o]A) o2 A7) 7kE 2
)7 A5 ol e Ed = A7) % 7 Male 1 12.8 352 165
dAA-E 2] A3k E RAs A 2 117 36.5 1.73
) 3 129 40.1 1.67
A2t 4 1.7 36.4 1.70
. X ) 5 12.5 35.0 1.70
A 2720 AP RA A7) A3 AU Y e 1 s 70
717222 st o] F 457 e E AE Y22 sl 7 127 35.3 1.70
8 11.7 375 1.70
Al
=0 Female 1 13.0 34.1 1.70
RE A 2L uAYE B 2HT 2 : 128 380 171
N - N . 12.8 39.2 1.70
el AAFE F2E FAstel o 271 A v 123 13 e
Ao e Fod koA siakste] A A A H=E ik 5 1241 36.4 1.71
o} 7t RS AN} Edo] A2 AL 6 140 409 171
A Foial Awtgel ofate] Lol gL @ 4 149 A7 17
A2 A w72 AAF A ZHel 7:00, Al 12:30 Normal range® 11.9~14.9 35.0~37.0 1.50~2.50
Table 1. Physical characteristics of each subject
Height(cm) Weight (kg) Skinfold thickness*(mm)
Subject Age(yr)
Initial Final Initial Final Initial Final
Male 1 1.3 129.9 1299 26.6 27.4 25.2 26.2
2 9.8 141.0 141.5 320 33.0 30.0 30.4
3 9.8 125.6 125.6 22.6 22.6 19.6 16.4
4 1.3 139.5 140.0 357 357 441 441
5 1.3 136.0 136.0 27.9 293 17.4 18.0
6 11.3 136.4 1373 30.7 324 26.2 26.0
7 10.5 127.5 127.6 299 29.9 20.6 20.5
8 10.8 134.3 1354 271 27.9 23.0 23.4
Female 1 8.8 119.3 120.5 22.4 235 26.0 250
2 11.8 141.0 141.2 27.8 30.6 24.8 24.2
3 12.6 141.4 1419 26.3 38.0 42.4 40.0
4 10.4 128.5 129.3 258 263 24.2 25.8
5 8.1 118.8 119.6 22.7 24.2 34.2 348
6 9.8 133.7 134.2 27.0 27.5 24.6 29.2
7 124 154.2 156.5 41.5 43.2 39.8 41.0
M+SEM** for male 10.8+0.2 133.8+2.0 134.2+19 29.1x14 29.8+14 258+3.0 26.0+3.0
M=SEM for female  10.6x0.6 133.9+4.5 134.7+4.6 29.1+2.7 30.5+2.8 309+3.0 31.4+2.7

*The sum of biceps, triceps, abdomen and subscapular skinfold thickness

**Mean+standard error



Table 3. The kind of diet used
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Breakfast tunch Supper
Monday *Cooked rice *Cooked rice *Cooked rice
*Soybean paste soup *Kimchi *Kimchi
with sireki *Danmooji *Cucumber kimchi
*Kimchi *Milk *Cracker
*Milk
Tuesday *Cooked rice *Cooked rice *Cooked rice
*Soybean sprout soup *Kack doo ki *Steamed chicken
*Kimchi *Bread *Kimchi
*Milk *Candy
Wednesday  *Cooked rice *Cooked rice *Cooked rice
*Radish soup *Steamed fish cake *Kimchi
*Kimchi *Castella *Steamed fish cake
*Milk *Milk *Spinach, seasoned
Thursday *Cooked rice *Cooked rice *Cooked rice
*Soybean paste soup *Kack doo ki *Kimchi
with sireki *Glutanious rice cake *Curry rice
*Kack doo ki *Milk *Cracker
*Kimchi
Friday *Cooked rice *Cooked rice *Cooked rice
*Soybean sprout soup *Kimchi *Stew with pomfret
*Kimchi *Bread, pockmarked *Kimchi
*Milk *Milk *Moochungkimchi
*Soybean paste soup
*Candy
*Milk
Saturday *Cooked rice *Cooked rice *Cooked rice
*Soybean paste soup *Kimchi *Fungus, seasoned
with sireki *Steamed egg, seasoned *Kack doo ki
*Kimchi *Jam bread *Radish soup
*Mitk with sireki
Sunday *Cooked rice *Cooked rice *Cooked rice
*Egg soup *Kack doo ki *Kimchi
*Kack doo ki *Soy sprout, seasoned *Kack doo ki
*Milk *Margarine *Cracker
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Table 4. Daily energy intake and diet composition during a 4-week study

Energy intake (kcal/day)

% Energy from

Subject
Table* Measured** CHO*** Protein Fat
Male 1 2,214 1,824 71.4 9.4 19.2
2 2,577 2,089 67.6 9.9 22.3
3 1,818 1,837 70.5 115 18.3
4 2,533 2,208 69.9 9.9 20.3
5 2,568 2,280 71.5 9.4 191
6 2,068 1,867 70.4 10.6 191
7 2,055 2,181 69.9 11.0 19.4
8 2,050 1,744 68.9 10.0 21.2
Female 1 1,757 1,818 76.8 12.4 18.3
2 1,751 1,828 78.6 10.7 17.9
3 1,169 1,435 54.5 7.7 10.2
4 1,759 1,810 81.4 9.9 16.4
5 1,767 1,702 80.8 1.7 15.8
6 1,476 1,640 68.2 101 12.8
7 1,715 1,808 77.7 12.4 15.6
M+SEM**** for male  2,229+99 2,010+£24 70.0+£0.5 10.2+0.3 19.3+0.5
M+ SEM for female 1,628+40 1,720+22 74.0+£1.7 10.7+0.3 15.3x0.5
*Energy estimated by food table™ **Energy measured by a bomb calorimeter
***Carbohydrate ****Mean +standard error
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Table 5. Relationship between daily energy intake and me-
tabolizable energy intake during a 4-week study

(kcal/day)
Subiect Energy intake Fecal Urinary Metabolizable

ubjec (measured*) loss loss** energy***

Male 1 1,824+82 85+3 26+1 1,713+77

2 2,089+39 10416 43+1 1,942+36

3 1,837+45 99 +1 362 1,702 +42

4  2,208+62 99+4 47 +2 2,062+58

5 2,280+65 107+2 48+1 2,125+61

6 1,867+62 109+5 35+2 1,723+£57

7 2,181+28 102+4 34+1 2,045+26

8 1,744+46 105+5 48+2 1,591+42

Fe- 1 1,818+38 82+5 26+1 1,710+36

male 2 1,828+55 86+4 26+1 1,716+52

3 1,435+62 70+4 2541 1,340+58

4 1,810+66 76+4 23+1 1,711+62

5 1,702+32 71+3 2441 1,607 +32

6 1,640x52 71+3 26+1 1,543+49

7 1,808+42 85+2 35+2 1,688+42
MzSEM****

for male 2,010£24 102+2 40+1 1,862+15

M£SEM 1720422 7712  26%1 1,627+20

for female

*Energy measured by bomb calorimeter
**Urinary loss=urine nitrogen (g/day) X 7.9 (kcal)
*** Metabolizable energy (ME)=dietary energy intake — (fecal
loss + urinary loss)
*++* Mean +standard error
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2 -0.01~+0.64kg W] & 37 +0.26+0.09kge] &
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14~+42.59kg WY 2 FHF +1.17+0.35kg] HEHF L
B Hchp<0.05). AE HEFoZNE] FARE A
olU=x] REake 7t gjAkAbE +1039~5830kcal W92
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Table 6. Changes in body composition and total body ener-

>
-

gy content during a 4-week study

. Weight  Fatmass Lean body Total body
Subject (kg) (kg) mass (kg)  energy (kcal)
Male 1  +0.80 +0.20 +0.60 +2,472
2 +1.00 +0.17 +0.83 +2,428
3 0.00 -0.07 +0.07 - 580
4 0.00 0.00 0.00 0
5 +1.40 +0.20 +1.20 +3,084
6 +1.70 +0.16 +1.54 +3,059
7 0.00 +0.02 +0.02 - 166
8 +0.80 +0.13 +0.67 +1,892
Female 1 +1.10 -0.01 +1.11 +1,039
2 +2.80 +0.21 +2.59 +4,595
3 +1.70 -0.01 +1.71 +1,651
4  +0.50 +0.29 +0.21 +2,911
5 +1.50 +0.24 +1.26 +3,517
6 +0.50 +0.64 -0.14 +5,809
7 +1.90 4047 +1.43 +5,830
M+SEM* +0.71 +0.10 +0.61 +1,524
for male +0.23 +0.04 +0.20 +539
M=+SEM +1.43 +0.26 +1.17 +3,622
for female +£0.31 +0.09 +0.35 +718

*Mean +standard error

A

A el 2] HYHAE A AF R ]l
a2} Garrow™E w9 ofuix] & o] Frje
o822 U] A AvEte e YId
T2 15 ojde A7t d$-E J Y2} Fo}x 8}
R.ew Edholm 57 AFo] Faba A Au} A&
W s Aol ol B g ojux] HYPAPANA AR
o HEFE S8, o]2H A BRFHE oA
HEHFE SA o sl eSS A2 vk =
3 Webb2} Annis™& Al AV} 4231 A4 e A&
W o AW oA BFekS 5000kcal Y £
Az EHEE gled AA deygtsd o] fskd
9000kcal A =9 2.3} W gl oA A AR BFFe
S3EF AUt 3t o] e A HuE AR G
thd 2890719 olyz] WY APHor AlA dent
S AT & A AU ovR] nF{FEe WEHS
14l oF 320kcal Ao 238 A3 B4 st 2
9] Forbes 5ol 2] 3bad A ollv]x] B Fake] HEL
AL HEF o2 NE AET Ao} AFo e
qte 2 AbEE 7] Aloldl 7% X E9] Alolute gt
FAE gl

ofiLAX] 2ot

AY7IZE T4 F oviA] A= A oA
R g 2R A o5 19 HF o

U] 28] g-E A4S A3 S Table 77 2o}
Fa} ol 14 ohdA] 4w ke 1552~2062kcal

Table 7. Intake/balance estimation of daily energy expenditure during a 4-week study

Length of study

Total ME* intake

Change in body

Total energy expen- Daily energy expenditure

Subject (days) (kcal) energy (kcal) diture (kcal) (kcal) (kcal /kgBW)
Male 1 28 47,964 +2,472 45,492 1,625 56
2 28 54,376 +2,428 51,948 1,855 59
3 28 47,656 ~ 580 48,236 1,723 76
4 28 57,736 0 57,736 2,062 58
5 28 59,500 +3,084 56,416 2,015 69
6 28 48,244 +3,059 45,185 1,614 50
7 28 57,260 ~ 166 57,426 2,051 69
8 28 44,548 +1,892 43,456 1,552 56
Female 1 28 47,880 +1,039 46,841 1,673 71
2 28 48,048 +4,595 43,453 1,552 51
3 28 37,520 +1,651 35,869 1,281 34
4 28 47,908 +2,911 44,997 1,607 61
5 28 44,996 +3,517 41,479 1,481 61
6 28 43,204 +5,809 37,395 1,334 49
7 28 47,264 +5,830 41,434 1,480 34
M=+SEM** for male 1,812+37 62+2
M=SEM for female 1,487 +25 52+2

*Metabolizable energy

**Mean +standard error
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