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Effects of Examination-stress on Nitrogen Metabolism of College Students

Kim, Mi Kyung - Rho, Kyoung Ah

Department of Food and Nutrition, Ewha Womans University, Seoul, Korea

ABSTRACT

This study. was performed to investigate effects of examination-stress and protein sup-
plementation on nitrogen metabolism and blood protein levels of Korean college students. Ex-
periment was conducted at the beginning of a academic term and during midterm examination.
During midterm examination, subjects were classified into two groups randomly : protein sup-
plemental group(male n=6, female n=10) and placebo group(male n=4, female n=9). Protein
capsules(2g,/day) above 10% of indispensible amino acids requirement estimates were given to
supplemental group for 10 days. At the beginning of the term, male students(n=12) ingested
223.15mgN/kg/d, excreted 20.74mgN/kg/d in feces, and excreted 94.31mgN/kg/d in
urine. Their apparent protein digestibility was 90.72%, true N balance was +100.11mgN/kg/d,
and the mean maintenance N requirement of mixed Korean diet calculated was 112.13mgN/
kg/d. Female students(n=19) ingested 171.44mgN/kg/d, excreted 22.13mgN/kg/d in feces,
and excreted 122.92mgN /kg/d in urine. Their apparent protein digestibility was 86.76%, true
N balance was +18.39mgN/kg/d, and the mean maintenance N requirement calculated was
135.31mgN /kg/d. Blood levels of serum total protein, albumin, and BUN were within nor-
mal range. During midterm examination, fecal and urinary N excretions of female subjects(n=
19) were increased, especially urca N markedly, and urea N/creatinine N ratio was augumented
significantly. Apparent protein digestibility of male subjects(n=10) was decreased. Examination-
stress showed 8.05mgN /kg/d(7.2%) increase of mean maintenance N requirement in malc and
8.55mgN /kg/d(6.3%) increase in female students in comparison with that of the beginning of
the term. Serum total protein and albumin levels showed no significant change, but serum
transferrin level of female were decreased significantly. During midterm examination, females
supplemented with protein capsules(2g,/d) had no significant increase in fecal and urinary N ex-
cretions. (Korean J Nutrition 29(7) : 788~805, 1996)

KEY WORDS : examination-stress - nitrogen balance - nitrogen requirement - protein sup-
plementation - blood protein level.
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Table 1. Characteristics of subjects i
1st period(N=31) 2nd period(N=29)
Females(n=19) Males(n=12) Females(n=19) Males(n=10)
Agelyrs) 19.79+ 1.06" 20.251-1.64 19.89+ 1.25" 20.50+ 1.69
Height{cm) 161.53+% 3.19 174.13+4.93 161.66+ 3.65 17395+ 5.37
Weight(Kg) 5399+ 6.31 65.42+9.43 51.74+ 6.14 66.40+10.10
Body mass index 20.68+ 2.25 21.50+2.24 19.75+ 1.89 21.86+ 2.33
Systolic B.P.(mmHg) 117.32+11.75 118.17+7.68 111.84+11.92 113.20+ 3.37
Diastolic B.P.(mmHg) 69.68+ 6.88 76.83+6.14 70.58+10.21 78.60+ 6.33
1) Mean+S.D.
Table 2. Amino acid composition in 2g protein capsule
Amino acids @ EAA Supplementing Supplementing @ Estimated
contents in ratio of EAA ratio of EAA requirement
2g capsule™ requirement requirement of EAAY
(mg/2g cap.) for malelD /(@ - for femalelD)/ (@ (mg/Kg/day)
X 66%) X 100]”(%) X 53%) X 100]7(%)
*L-Histidine 48.0 7.3 9.1 8-12
*L-Isoleucine 94.8 14.4 17.9 10
*L-Leucine 154.0 16.7 20.8 14
*L-Lysine 139.6 17.6 219 12
*L-Methionine 49.2
*L-Cystine :l 6.2 :I 6.5 8.0 13
*L-Phenylalanine 82.4
*L-Tyrosine ] 26.4 ] 1.8 147 14
* -Threonine 78.0 16.9 21.0 7
*L-Tryptophan 20.6 8.9 11.1 3.5
*L-Valine 1204 18.2 227 10
Average 13.14% 16.40%

*10 essential amino acids 1) Analyzed by Korea Pharmacy with liquid chromatography, 2) Reference body weight of Kore-

an adult(20-24yrs, 1995), 3)
133.4, L-Serine :

FAO/WHO/UNU(1985),

102.0, L-Glutamate : 360.0, L-Proline :

181

4) Dispensable amino acid contents(mg/2g capsule) ; L-Aspartate :
.6, Glycine : 36.4, L-Alanine : 57.0, L-Arginine : 63.8, 5)

[EAA contents in 2g capsule--(Estimated requirement of EAA X 66Kg”) X 100], 6) [EAA contents in 2g capsule— (Estimated

requirement of EAA X 53Kg®) X 100]
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Table 3. Comparison of stress score according to sex & examination

Females Males
No exam(n=7) Exam(n=7)" No exam(n=10) Exam(n=10)"
I. College life 3414+ 7.45 3643+ 8.48" 34.00+ 7.04 35.60+ 8.66™*
I. Family & economy 29.71+£12.09 31.57+11.25M 22,30+ 5.70 28.10+ 8.80**
lIl. Friend & social relationship 39.57+10.36 4486+ 7.27% 3510+ 7.20 4140+ 9.31%
IV. Identity concept 35.14+10.22 38.57+ 7.28M* 35.10+ 8.80 37.30+ 8.23%
V. Environmental problem 17.10+ 5.03 19.71+ 4.86" 16.50+ 3.10 1810+ 3.78%
Total score 155.4 +41.52 171.1 + 35.65* 143.0 £26.31 160.5 + 32.82*
1) paired Student t-test(for same subjects participated in both periods)
N 5. Not significantly different between two periods by Student t-test
p<01 *:p <005 *:p <001
Table 4. Comparison of stress score with/without exam & protein supplementation
Females(n=19) Males(n=12)
No exam _ Fxamin=4)" No exam Exam(n=3)"y No exam Bamin=4)"  No exam _ Exam(n=6)"
(n=4) No pro. supp. (n=3) Pro. supp. (n=4) No pro. supp. (n=6) Pro. supp.
1. College life 3150+ 8.06 33.25+10.21% 3767+ 6.03 40.67+ 3.51sa 37.00% 3.65 3550+ 8.58M 32.00+ 8.32 35674 952"
li. Family & 2450+ 6.86 30.00+11.20'  36.67+15.54 33.67113.43%5s 2375+ 690 27.25+ 7.93% 2133+ 520 28.67+10.03*,
economy
HL. Friend & 3425+ 943 4150+ 6.56* 46,67+ 7.51 49.33+ 643"y 3575+ 525 39.25% 7.50™ 3467+ 8.73 42.83110.78%
social refationship
IV. Identity
concept 312541037 3550+ 7.77%% 4033+ 9.02 4267+ 493%%s 3450+ 370 3500+ 2.94%5 3550+11.43 38.83+10.48%s.
V. Environmental
problem 1475+ 3.78 19.25+ 5.12! 20004 557 20.33% 5.51%ys 1750+ 1.29 1825+ 2.87%% 1583+ 387 1800+ 4.56*s.
Total score

136.3 £36.17 1595 +37.92¢

181.0 +38.63186.7 + 2.01™5s.

1485 +12.82 1553 +27.33"% 1393 +33.27 164.0 +38.13%,s

1) paired Student t-test(for same subjects participated in both periods)

2) unpaired Student t-test between protein supp. group & placebo group during exam

N S Not 5|gn1f1cantly different between two periods by Student t-test
p <01, *:p <005 *: p 001
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1) ANEAE AL Gl | ACHAL

AP 2EH 27 QAW 1328 7)7ke) AairF At
£ Jydz MA¥ud Table 59} 2o Agdgat
391k AE7) 7t AT Aol EE FAGI] BA
g AT A A 14987 AF kg@
171.44mgelR ., 84 1998+ 223.15mge =
Ao AaidH Tl Aol HlE) f9H e Byt
(p<0.05). AgHYEY] ALMHAFL 249y, 24

OII
= =2

01) 49 24a#AE BAHr=0.7564, r=0.7524, r=
0.7697). w3, 2AF A2l 2 urea N/creatin-
ine N H&AE 92 (p <0.05) %ol Aa#A7}
UATHr=0.5216, r=0.4758)(Table 6). &H A
9 1APIRF AL FL Aagy 2 94 Arajd
ik F4A(p <0.05) ¥ AAAAEZ VehRT
{r=0.6128, r=0.5816)(Table 7).

EH“L"— T Ah s R Yol o
}'r o+ AT kg"L 22.13mgolA 1L,

% E%’O"} #9542l X}Ol“ 3}1“‘:} ol da
A% 7zt 13.24%, 9.28% sdstch w3
(Aot Ao AZF - dS i) /A
ot A44F3F00)22 4&3 apparent digesti-
bility= o gtle] 86.76% 1, FeHAe] ¢ 90.72%
2 et getalo] ofgalef Hlg] tha w2 FIS B
Ao oA zpol= ¢USith Agte) 1217)7F 9 AH
gild Ashge AaH Yol Fy1euo] EolA A fo
A21(p <0.05) %] JeAAE BAckr=0.6431).
/\]tﬂ/kEE]/\y}. el EAEX el 1999 28
% AAEEE S ET 122.92mg/kg o R o] Ao
Ao ofgt AL T 74.72%° A2eYT). Urea
N2 95.8mg/kg/day o2 AWE Fd4 wjdge] 75,
3% % AA S92 creatinine N# uric acid No| 2+

Ao Jdu wF FAsudeks ZeHp <0. 7} 6.6mg3} 3.15mgl 2 5.4%, 2.58%% xA|atsic).
Table 5. N intake, excretion, and balance during 1st period without exam stress
Females(n=19) Males(n=12) Total(n=31)
N intake(g/day) 9.20+ 2.34 1434+ 2.54 1119+ 3.48"
(mg/kg/day) 171.44+43.53 223,15+ 45.02* 191.46+50.8
Fecal N(g/day) 121+ 0.69 133+ 072 1.25+ 0.7
(mg/kg/day) 22134127 20.74+11.49™ 21.59+11.93
(% of N intake) 13.24+ 7.66 9.28+ 5.14 11.71£ 7.07
Urinary N(g/day) 6.63+ 1.36 6.134+ 237 6.44+ 1.84
(mg/kg/day) 122924209 94.31+35.06" 111.844+30.62
(% of N intake) 747211559 42.56+13.33 62.27 +21.52
urea N(% of urinary N) 7531+ 4.32 75.80+ 9.58™* 755 + 6.7
(mg/kg/day) 92.80+17.69 71.88+27.71 84.70+24.34
creatinine N(% of urinary N) 540+ 0.85 5414+ Q.720% 541+ 0.79
(mg/kg/day) 6.60+ 1.38 508+ 1.88* 6.01+ 1.76
uric acid N(% of urinary N) 2.58+ 0.35 2.03+ 1.24% 2.37+ 0.85
(mg/kg/day) 3.15+ 054 1.76+ 1.04** 261+ 1.03
urea Nfcreatinine N 14.26+ 2.26 14.25+ 2.45" 1426+ 2.33
Apparent N digestibility(%) 86.76+ 7.66 90.72+ 5.14% 88.29+ 7.07
N balance apparent(mg/kg/day) 26.39+32.12 108.11+ 40.74%* 58.02+53.47
estimated true”(mg/kg/day) 18.39+32.12 100.11 % 40.74** 50.024:53.47

1) Mean+£S.D.

2) Assuming losses through the integument, sweat, and other minor routes amount to 8mgN/kg/day
N.S. 1 Not significantly different between two genders by Student t-test

tip <03, %:p <005 % p < 0.0



g7z gehd 1299 2RF B aEF 94.31
mg/kg/dayE 22717t A vle] i W FE
2 wgloni(p<0.1), urea NohH Fo] AFkegd &5
Ht 71.88mgol L, creatinine N 2 uric acid N=
Z4zb 5.08mg# 1.76mgolitt. AW F A
e 8424 2D creatinined 2 Iz, f4bEA9]
AA &L 227170 diztell Zpol 7t gl ok, A%
9 A% kg? AL uld =L g o] Yt H]
8 fFoFez = (e4ad4 1 p<0.1, creatinine
Az p<0.05, &4 1 p<0.01). 4, urea N/
creatinine N9 8]&-2 gu7bol] §-914¢1 Zo]7} ¢S
=3

B Ao (A24HF - (dHFE oA g+ 4an
% Aiujdzhloz AE apparent N balances
B9 ofghle] A$ 26.39meg/kg/dayol i, WAL
108.11mg/kg/day 024 Aol FARlo] 4o} &
VepR o oL AE At Bl Fataio] f-of4]
o2 E=9tHp <0.05). 1AL AES] A4 HAY
o] AR A oA g E AWE Al
Q&8 oghlo] HEARTE =k oA s|gighrtar
A 954 AA &4z obligatory nitrogen loss)
8mg/kg/day™S s#iste] HAF true N balance= o
o] 18.39mg/kg/dayll i FEAL 100.11mg/
kg/dayelict.

Table 8. N metabolism of female with/without exam stress
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2) NBAEYA FFO| E ZACYAL -

ANg2Ed2z o3 Aothale) HalE doluy] ¢
ste] 1, 23] B Fo3lae @A 10, oA
739 dGAES JEE o] Blusidon 1 An
= Table 8, 99 2t} oA A AlP2Ed 27}
ANd iz AAAHFE 145.73mg/kg/dayol .o
U F2raal 717kl 169.2Tmg/kg/day S 2 A g 7171
o) ThAh ZolE A3 nP ot FolAHA Aoje ¢l
ATt AduAEe] gl 2 Loz Aiujdege
71Zd vlEke] Ag7) 2 frelH o2 Frlslge
H(p <0.05), 2% ALAE FolMe 240841l
Fojd oz wjdgo] Helaar(p <0.05), creatinine
N3} 22b849) wjdgde 77 wa lo]F Holx
&t} Apparent N balancet 13.73mg/kg/day=
A7k Aa AR SRS EFeta gid 9
Ao 2o e FoHon Friste] 1249
717ke] 26.39mg/kg/dayBtt 9318 ZAaEHE g
Bk AE7IzEEe] deES AFked &
A2 AF o] 197 45mege 2 1A 7|7k
% 215.33mg/kg/day it} i ol on} o4
Aol el FEAAEe Fhaa )zkel A 4
o] tha A2 LE Estn i & 2oz
Ak e v Freke A3 Beed A8zt
7ol $oFel zoj= ¢ty ©ht apparent di-
gestibility7} 124e)] 91.13% 914 Al8Eol = 88.62% &

1}

X of ot
oy oo
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=]

()

k)

o}
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Total female subjects

Same female subjects

No exam(n=19)

Exam(n=19)" No exam{n=7) Exam(n=7)"

N intake(g/day) 920+ 2.34
(mg/ke/day) 171.44+43.53

Fecal N(g/day) 1.21+ 0.69
(mg/kg/day) 22.13+12.17

Urinary N{g/day) 6.63+ 1.36
(mg/kg/day) 122.92+20.9

urea N(% of urinary N) 7531+ 432
(mg/kg/day) 92.80+17.69
creatinine N(% of urinary N) 540+ 0.85
(mg/kg/day) 6.60+ 1.38

uric acid N(% of uvrinary N) 2.58+ 0.35
(mg/kg/day) 315+ 0.54

urea N/creatinine N 14.26+ 2.26
Apparent N digestibility(%) 86.76+ 7.66
N balance apparent(mg/kg/day) 26.39+32.12
estimated true(mg/kg/day) 18.39+32.12

159.9 +27.84"%

121.82+25.88"°

8.30+ 1.81"?
145.73+50.32 169.27 +35.43M5

1.38+ 0.64"%
27.33+13.37™%

6.29+ 1.49M

14.87+ 8.60 25.15+ 10.87%

107.211£24.44 125.02+ 27.84%

79.81+ 3.38*

97.22+20.76™% 80.08+19.66 102,19+ 24.51*

467+ 0.82*

5.65+ 1.45' 531+ 0.85 482+ 0.68™*
1.79+ 0.50%

2234+ 0.88%* 2.87+ 0.65 2.52+ 0.89M
1769+ 3.76% - 15.02+ 2.60 2112+ 4.15*
83.74+ 7.42M% 89.84+ 4.08 85.01+ 6.25M
13.73+2251N% 23.65+31.25 19.10+19.38"*
5.73+22.51"* 15.65+31.25 11.10+19.38"%

1) protein supplemental group included
2) unpaired Student t-test
3} paired t-test(for same subjects participated in both periods)

N.S. : Not significantly different between two periods by Student t-test

tip <01, % p <005 % p <001
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Table 9. N metabolism of male with/without exam stress

Total male subjects

Same male subjects

No exam(n=12)

Exam({n=10)"

No exam{n=10)

Exam(n=10)"

N intake(g/day) 14341+ 2.54
(mg/ke/day) 223.15+45.02

Fecal N(g/day) 133+ 0.72
(mg/kg/day) 20.74+11.49

Urinary N(g/day) 6.13+ 2.37
(mg/kg/day) 94.31+35.06

urea N(% of urinary N) 75.80+ 9.58
{mg/kg/day) 71.88+27.7
creatinine N(% of urinary N) 5414 Q.72
(mg/kg/day) 5.08+ 1.88

uric acid N(% of urinary N) 2.03+ 1.24
(mg/kg/day) 176+ 1.04

urea N/creatinine N 14.25+ 2.45
Apparent N digestibility(%) 90.72+ 5.14

N balance apparent(mg/kg/day)

estimated true{mg/kg/day)

108.11+40.74
100.11 £40.74

1297+ 2.89%2

197.95+43 46"
1.45+ 0.83"*
22.03+13.05
5.65+ 1.96™
87.40+32.97™
79.19+ 2.78™*
69.58+27.40™%
5.29+ 0.85™*
459+ 1.84"
2.44+ 0.50™
204+ 0.65M°
1537+ 2.62™%
88.62+ 6.61™*
90.72+60.43"*
82.72+60.43"%

215.33+46.95
18.86+11.79
85.68+23.64
66.21+21.82

479+ 1.59

192+ 1.12
1399+ 273
91.13+ 576

110.79+35.61
102.79435.61

197.95-+43 465
22.03+13.05M
87.40+32.97™
69.58+27 .40

4594+ 1.84"*

2.04+ 0.65"*
1537+ 262
88.62+ 6.61'

90.72+60.43™*
82.72+60.43%%

1) protein supplemental group included

2) unpaired Student t-test

3) paired t-test(for same subjects participated in both periods)
N.S. : Not significantly different between two periods by Student t-test

1ip <01, *:p <005

Table 10. N metabolism of female with/without exam stress & protein supplementation

No exam Exam(n=4)" No exam Exam(n=3)"
(n=4) {(n=9))" (n=3) {(n=10)”
No pro. supp. Pro. supp.
N intake(mg/kg/day) 1413 +48.85 172.2 £2991% 1517 +62.65 165.4 +48.83"%?
{164.63+25.9} {154.8 +£30.16}"5™
Fecal N(mg/kg/day) 124 + 8.44 22.95+10.95" 18.16+ 9.31 28.08412.34%
{27.90+13.92} {26.82+14.30"*
Urinary N(mg/kg/day) 96.8 +23.2 1235 + 29.90** 121.1 +£21.81 127.1 +£31.18%
{127.71+£32.16} {116.51 £20.7"*
urea N{mg/kg/day) 72.6 +20.56 100.0 + 28.17* 90.05+16.27 105.1 +£24.29%
{100.27 £26.47} {94.47 £16.391™
creatinine N(mg/kg/day)  4.79+ 0.45 496+ 0.45" 6.01x 0.77 463+ 068"
{5.80+ 2.01} {5.52+ 0.89"*
uric acid N(mg/kg/day) 273+ 0.87 271+ 097" 3.05+ 0.21 228+ 0.92M%
{2.59+ 1.01} {190+ 055}
urea N/creatinine N 15.01+ 3.24 19.90+ 3.48* 15.03+ 2.13 22,76+ 5.131
{17.90+ 3.35} {17.49+ 4.44}"s
Apparent N digestibility(%) 90.88+ 5.23 87.09+ 4.18%*% 88.46+ 1.66 82.24+ 842"
{84.71+ 6.81} {82.86+ 8.19"*
N balance apparentimg/kg/day) 32.11+28.87 25.75+21.26N 12.38+36.68 10.23415.55*
{16.26+27.36} {11.46+18.33]"
estimated true(mg/kg/day)  24.11+28.87 17.75+£21.26" 4.38436.68 2.23+15.55

{8.26+27.36)

(3.46+18.33}"%

1) paired Student t-test(for same subjects participated in both periods)

2) different subjects in both periods included

3) 196.53mg(N contents in 2g protein capsule) included
4) unpaired Student t-test between protein supp. group & placebo group during exam
N.S. : Not significantly different between two periods by Student t-test

tip <0, %1 p <005 * : p <001
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Table 11. N metabolism of female with/without exam stress & protein supplementation

No exam Exam(n=4)" No exam Exam(n=6)"
(n=4) No pro. supp. (n=6) Pro. supp.
N intake(mg/kg/day) 213.3 +£23.42 229.6 +26.32™% 216.7 +60.28 176.85+ 45.017
Fecal N(mg/kg/day) 18.76+10.3 22,6 + 4.83%% 18.92+13.66 21.29417.1%s.
Urinary N(mg/kg/day) 82.35+25.69 65.69+24.25" 87.91+24.39 101.88+34.54™
urea N(mg/kg/day) 63.38+18.84 52.22+19.18™ 68.10£25.17 81.15429.64" s
creatinine N(mg/kg/day) 4.40+ 1.56 3.58+ 1.50™ 505+ 1.71 5.27+ 2.01™%s,
uric acid N(mg/kg/day) 239+ 1.01 171+ 076 161+ 1.16 226+ 0.60"ys.
urea N/creatinine N 1471+ 1.39 15.16+ 2.17%% 13.51+ 3.40 15,52+ 3.29%
Apparent N digestibility(%) 91.07+ 5.29 89.43+ 0.93%° 91.18+ 6.55 88.086+ 8.79'us
N balance apparentimg/kg/day) 112.2 £16.47 146.28+46.68™ 109.9 +46.01 53.69+ 43.38"-
estimated true(mg/kg/day) 104.2 +16.47 138.28-+46.68"* 101.9 +46.01 45.69+ 43.38".

1) paired Student t-test(for same subjects participated in both periods)

2) 196.53mg(N contents in 2g protein capsule) included

3) unpaired Student t-test between protein supp. group & placebo group during exam
N.S. : Not significantly different between two periods by Student t-test
tip<0.1,%:p <005

o A 2 2oz} eAieh. 3, HEAE A7zt B By

o Py E%‘M‘ﬂ ’\]?5717&01] 10"591 A 19 T3 HREFoR o] HwaalSu AiAdHFl

&9 H¥& et A e Wl Ege] o E94a(p <0.1), AWE 3
A e guld vl EFo] o ¥gen(p <0.1),

BE7 A A B AN FAMA

7} A3toF appatrent N balance$} true N bal-

ance7} Bl RZ7ol vla] Bl A fFrejH oz woby

o2

rlo

e e e A )

2 Aaopgel A0S Qolugkmdl Tdss Table  4) A4 HES ol=7] 98t BF IAMe

10, 11 2t @9Ae wENx 9 ok (n= =5

De BN S agio] ATk oS Bua  AAEe) 4R1e) A% ofmRue] WeldlAlE Hay
A B4t & Table 103} 2ol FRaAe] & HFge] ¥l

upel A4 el ERe g3o] B (equili-
Wz Asu|Adgo] AA(p <0.01) F718IEaL, A8%F  brium)$ °|FE A& (adaptation)©]

f&i Axo] FoH oz (p<0.05) oo, 71zt & AFHFY Sl wet vAie e W (positive
1 zto)7t AW creatinine No| t)g 24449 8] balance)o] HE TS HolA B, & Ao 2E
&) F45 22 (p <0.05) *—7}0}"51‘?} 8, A7z g2t g ER 198 Al B AAwE A
Zo GRS waukold ofsha) 38 y)zef wlasl & 1.07g protein/kg/day(171.44mgN/kg/day) ¢l £
AA XA W WElE e gtttk 3 of3tle] o] wA S AdHA] apparent N balanceZb +26.
BoRlE B o, %ﬂ\mre vl ol = grlA REFo] ¥ 39mgN/kg/day, true N balance’l +18.39mgN/kg/
3 wRrFee urlé\amd Nejdo] tha @okoukp  dayo® veht ol HES YeEhigt olge A4
<O 1) 299} Axupapdel wishe AEEA gt BAHE AadATR 33 (p <0.01) Fe) FadA
G 2 B A duA BE Y AQn(r=07564) T IAPHALS T3 2AHTar
U] Aogibe wimsgew, dwd v]wFE ble 12, Fig. 1). Y(true N balance) =0.496XX(N in-
P AP2EYL G w’ka} $28Q) Atol7k Lehl  take)-67.147

2 kgt ey, @EEs “i"‘f’“’}g FHAl 672 oluf Y=07} H& g& 5 0" N balanceg ©|
N@7IZe) AadH T F9HeB(p <005) 24H 7] AR Al FHHRFS FUF JoH, Wi
Qar, A3k 2 ALsFPol foFe g(p <0 05) 74 199 9] oAe] data® AAAST S Eol7] sty
cgglont opl W Ao Rel Ak e folHel 7 3US Jd data® AEtgien] o Azke 135,




798/ AP 2~ E A 20} AfFHAY o] A Ach Al

Table 12. Regression of N balance on N intake

Equation R? N intake for “0" balance
(mgN/kg/day)

Females Based on “true"" .

1st period(n=3 X 9) Y'=0.496X* - 67.147% 0.3134 135.31

2nd period(n=3x 19) Y =0.394X - 56.646” 0.1571 143.86
Males Based on “true”

1st period(n=3 x12) Y =0.923X -103.455" 0.6312 112.13

2nd period(n=3 x 10) Y =0.898X -107.864" 0.6184 120.18

1) Assuming losses through the integument, sweat, and other minor ruotes amount to 8mgN/kgB.W/day

2) Fig. 1, 3) Fig. 2, 4) Fig. 3, 5) Fig. 4
Yt o true N balance, X* : N intake

True N balance vs N intake(mg/kg/day)

True N balance vs N intake(mg/kg/day)

BALANCE of females for 1st poriod BALANCE of males for 1st poriod

350 350
300 - 300 -
250 250
200 200
150 = 150

100 4

50
04

50
-100 1" -100
-150 T T T T T T T T T :150 - T T T T T T T T

0 50 100 150 200 250 300 350 400 450 500 i 0 50 100 150 200 250 300 350 400 450 500
INTAKE INTAKE
Fig. 1. Linear regression of female true N balance on N in- Fig. 3. Linear regression of male true N balance on N in-

take during 1st period without exam stress(--- : 95%
confidence limits for mean)(mg/kg/day).

True N balance vs intake(mg/kg/day)

BALANCE of females for 2nd poriod

350
300
250
200 -
150
100 -
50 |
o
-50
004 -~
150

T T T T T T T T T
0 50 100 150 200 250 300 350 400 450 500
INTAKE

Fig. 2. Linear regression of female true N balance on N in-
take during 2nd period with exam stress(--- : 95%
confidence limits for mean)(mg/kg/day).

31mgN/kg/dayolich. & A1E7|zke] AigEe]
Aoy st 2aAHF Afole BAE Y=0.394xX-
56.646 22 UERt Fig. 29 Zo| IAFA. olu)

‘0" N balance® olF7] 93t Ao BT HaHS

take during 1st period without exam stress(-- : 95%
confidence limits for mean)(mg/kg/day).

143.86mgN/kg/day .2 NA~Ed A7 S99 1244
P7)7tl BlEted 8.55mgN/kg/daye] Z7HE Zeolw,
mEtA AP 2Ed 2t o A48 23S 6.3% S7HA
Zota g9l

AF2Ed 27} §lE A7)d d8A) 1299 JFds
B3 HE 223.15mgN/kg/day(1.39 protein/kg/
day)& AM#3le] +108.11mgN/ke/days) %o ap-
parent N balance® B3X, true N balance= +

100.11mgN/kg/day°l Art. HeBE9] ALPHNEH

L
o

az'f

= e ol 2 AAHHTH YA (p <0,

05) %ol AAAAE BYPou(r=0.6128), A3 g
£ xZ 02 true N balance® y%0 2 s}gsy 13
Ae v+ Z2YHTable 12, Fig. 3).

Y=0.923%xX-103.455

ol “0" N balanceZ °|57]93 o d4g
< 112.13mgN/kg/dayo'Fct. 8 2187
£9] true N balances} 2243 Fe) A4 “Y=0.
898xX-107.864 .8 FAHNLH Table 12, Fig.
49 2tk 0" AATEE o|FY] 9% HEdadg

29-1. o=

i S

;
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True N balance vs N intake(mg/kg/day) L 7]zl vjsle] Ag7)7tel 8.05mgN/kg/days
BALANCE of males for 2nd poriod o)A 120. 18mgN/kg/day 2 Uehgor oata Ald
350
3004 g 2EH 27} GEAEY AAEQTE 72%45A AT
250 ] 2 9% et
200 =
o 3 HUNELE
100 A 2EH27) gl 87128 U AR 5
50 & Table 139 2o} 84 F vl gk i
o A9 7.13g/de19R, dale 7.08g/dIE gtale]
=00~ wzaoﬂ B8] fFeHoz wrh(p <0.01). 1% o)
s100-4 77 - .
150 L7 AEL ¥4 albumin ¥ transferrinFE=9A] 2 7)
- T T T T T T T T T T
0 50 100 150 200 250 300 350 400 450 500 7 FEAE e fo¥ed w7 el (p <0.
INTAKE 01). e}, 89 % ‘%}“—‘.‘%l 4 albumin, BUN% 9 &
Fig. 4. Linear regression of male true N balance on N in- MHE 220 ] RE 2
take during 2nd period with exam stress(-— : 95% o TS WY B H‘r]q]}\i%;q
confidence limits for mean)(mg/kg/day). Al 7izde| w2 @ QB £FL Table 149
Table 13. Serum protein profile during 1st period without exam stress
Females(n=19) Males(n=12) Total(n=31)
Total Protein(g/dl) 7.73+ 041 7.08+  0.33%* 747+ 05
[6.6-8.5]" (7.20- 8.5) 6.7 - 7.6) 6.7 - 8.5
Serum Albumin(g/dl) 5.34+ 0.21 493+  0.15%* 518+ 0.28
[3.5-5.7] (5.0 — 5.8) 4.7 - 5.2) 4.7 - 5.8)
Transferrin(mg/dl) 405.58+ 56.06 291.58+ 32.42%* 36145+ 73.87
[230-430] (321.0 —-502.0) (238.0 —334.0) (238 -502)
Serum RBP(mg/dl) 487+ 0.79 49 + 1.11M 4.88+ 091
[3-6] (3.5 - 6.3) 21 - 6.2) 2.1 - 6.3)
BUN(mg/dl) 10.82+ 2.13 13.36+ 3.3* 11.8 + 2.88
[4.5-23.5] (7.8 — 14.7) 9.6 - 20.0) (7.8 - 20.0)
1) reference value range
2) data range(minimum-maximum)
N.S. : Not significantly different between two genders by Student t-test
tip <0, % p <005+ : p < 0.01
Table 14. Serum protein profile according to sex & exam stress
Females Males
No exam Exam No exam Exam
(n=7) (n=7)"* (n=10) (n=10)
{n=19)} {(n=19)P {(n=12)} {(n=10)}"
Total Protein(g/dl) 7.89+ 0.38 7.61+ 047852 7.05+ 0.31 7.29+ 036"
[6.6-8.5]" {773+ 0.41} {742+ 0451 {7.08+ 0.33} {7.29+ 0.36"¥
Serum Albumin(g/dl) 536+ 0.17 5.23+ 0.26™* 489+ 0.14 499+ 018"
[3.5-5.7] {5.341+ 0.21} {5.16 % 0.24}* {4.934 0.15) {499+ 0.18)™*
Transferrin(mg/dl) 416.57 +£52.11 332.57+ 31.67** 295.0 +32.42 336.6 + 41.61*
[230-430] {405.58+56.1} {311.00165.4)** {291.58-+32.4} {336.6 +41.61}**
Serum RBP(mg/dl) 5.39+ 0.53 611+ 0.41*% 49 £ 1.06 519+ 1.11%
[3-6] {4.87+ 0.79} {5.70+ 0.68}** {49 + 1.11} {519+ 1.11**
BUN(mg/dl) 12.20£ 2.29 12,67+ 3.61"* 13.24+ 34 11.27+ 4.35%%
[4.5-23.5] {10.82+ 2.13} {10.33+ 3.40)™* {13.36+ 3.3) {11.27+ 435"

1) reference value range

2) paired Student t-tesi(for same subjects participated in both periods)

3) unpaired t-test

4) protein supplemental group included

N.S. : Not significantly different between two periods by Student t-test
p <01, *:p <0.05 *:p <001
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Table 15. Female serum protein profile with/without exam & protein supplementation

Exam Exam
No exam (n=4)" No exam (=3
(n=4) {(n=9)} (n=3) {(n=10)}"
No pro. supp. Pro. supp.
Total Protein(g/dl) 7.95+ 0.5 7.53+ 0.59"* 78 £+ 017 773+ 031
[6.6-8.5]" {7.44+ 0.55) {7.39+ 0.37)™*
Serum Albumin(g/dl) 538+ 0.17 5.15+ 0.24"*% 533+ 0.21 533+ 031
[3.5-5.7] {5.12+ 0.26} {5.20+ 0.22}™*
Transferrin(mg/dl) 4430 +£56.23 337.8 + 41.62% 3813 +11.93 3257 + 16.92*
[230-430] {327.22+71.60} {296.4 +59.15™*
Serum RBP(mg/dl) 53 £ 0.71 6.03+ 0.5* 55 + 027 6.23+ 0.31*
[3-6] {576+ 0.51} {565+ 0.83)"*
BUN(mg/dl) 12,15+ 1.57 12.7 + 3.04™ 1227+ 3.47 12.63+ 5.03%%
[4.5-23.5] {10.81+ 3.46} {9.89+ 3.46}

1) reference value range

2) paired Student t-test(for same subjects participated in both periods)

3) 196.53mg(N contents in 2g protein capsule) included

4) unpaired t-test between protein supp. group & placebo group during exam
N.S. : Not significantly different between two periods by Student t-test,

tp <01, % p <0.05 % p <001

Table 16. Male serum protein profile with/without exam & protein supplementation

2)3)

No exam Exam(n=4)" No exam Exam(n=6)
(n=4) No pro. supp. (n=6) Pro. supp.
Total Protein(g/dl) 7.18+0.4 7.25+ 0.3% 6.97+ 0.23 7.32+ 0.42M%% 4
[6.6-8.5]"
Serum Albumin(g/dl) 495+0.17 5.0 + 0.08"* 4.85+ 0.11 498+ 023",
[3.5-5.7]
Transferrin(mg/dl) 309.0 +9.56 338.5 +£38.73"* 285.7 +39.69 335.33+ 47.03%%5
: [230-430]
Serum RBP{mg/d)) 5.25+0.51 5.38% 1.20% 5.17+ 0.37 5.07 4+ 1.14%
[3-6]
BUN(mg/dl) 122 +3.34 11.40+ 4.95M 13.93+ 3.56 1118+ 4.40%%s.
[4.5-23.5]

1) reference value range

2) paired Student t-test(for same subjects participated in both periods)

3) 196.53mg(N contents in 2g protein capsule) included

4) unpaired Student t-test between protein supp. group & placebo group during exam
N.S. : Not significantly different between two periods by Student t-test

tp <00, *:p <005 % p <001
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