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The Effects of Vit C Supplementation and Nutrition Education on Nutrition Knowledge,
Food Habits and Antioxidative Enzyme Activity in Male Adolescent Smokers

Jae Yeon Lim, Jung Hee Kim'

Food and Nutrition, College of Natural Sciences, Seoul Women's University, Seoul, Korea

ABSTRACT

The smdy evaluated the effectiveness of intervention for male adolescent smokers by making an assessment in terms of changes in
food habits, nutrition knowledge, plasma catalase, superoxide dismutase(SOD), glutathione peroxidase(GSH-px) activities and
thiobarbituric acid reactive substance(TBARS) after Vit C supplementation and nutrition education. The subjects, male adolescent
smokers, were assigned into four groups : Control group(19 students), education(Educ.) group(19 students), Vit C supplementation
(suppl) group(19 students), and Educ. + Vit C suppl. group(19 students). The Educ. group and Educ. + Vit C suppl. group
received nutrition education once a week for 2 weeks. The Vit C suppl. group and Educ. + Vit C suppl. group received 500 mg
ascorbic acid for 35 days. All data were collected before intervention and after intervention. Nutrition knowledge of those who
received education increased, and the frequency of fruit and yellow-green vegetable consumption also increased. Plasma
antioxidant enzyme activities were not different except for the SOD activity in the Educ. + Vit C suppl. group, which was
significantly increased. The plasma ceruloplasmin level of groups that received Vit C supplementation was reduced more than
any other groups, and the specific ceruloplasmin ferroxidase activity of groups that received Vit C supplementation was elevated
more than other groups. These intervention programs had an impact on food habits, nutrition knowledge, plasma antioxidant
enzyme activities, and plasma TBARS in male adolescent smokers. Various nutrition education programs must be implemented
for adolescent smokers, and further studies are needed regarding sorts and amount of antioxidant nutrients and supplementation

duration. (Korean J Community Nutrition 6(3) : 282~289, 2001)
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238 Edo) EAE AR 1y AgE L Au3R
do= Fed i B4 Atk AL AR doid &
F& 23| AshA g0t Z71sIA S Harris 1992 ;
Lloyd 1999). o] 48} ~E# 29 F71= o} g
2 AGEEA 2 247 #A9T 9o (Mettlin
1984 ; Singh 1998), A} 313} ddsE 44 1244
4 Qlek(Z3td 2] - uhAo} 1996 Marangon % 1998 : St-
elnberg & Chait 1998). =3 T2 A 23l 984

B ool A ks BE 529 FHRAE I
% ﬂl%lt}. Abou(1996)¢] AN Es FdAe B87
GSH-px9 Z4== 238 #4890 Busigd.
Gort®} Imlay(1998)9 B nolME AEel] QYH o2 b
B4 22 2E 715 HYE, SODY &4 wagc)
T St E5t 9] §0] o)g AFA ced s A
ME feF oz A¥T SOD FA = MEE Atk 619
HKamal § 1992 ; Nadif 5 1996). ¥HA v}e]<) A8
w2 PakE 54 849 BE Bolzan 5(1997)8 Be)
A B f5 gel 448 F4 B Ffo)
Hausty AR Ak o2 Fdo) daf fEg AgA &
Ef & Az sl 3 545 B4R} v &
)J\%% AAREHR FT B3 FHog FoHd AT

7 o {3 2EFEL ceruloplasmin e BHE 7 E u)
ol g7l ceruloplasmin ¥57} ol o] & <15 4
oA 48 2HEg o 29 F ged, 718 ceru-
loplasmin€ ceruloplasmin ferroxidase 5¢) B4 ==
Aata71ed), ol2 8 Fe™ 2 Fe™ 2 AS8ANA A d
AkskE sk Babkal 715 XS sk AtH(Pa-
chat & David 1988)

FToAE Fdolnte 43R A A9 @7 B o]z,
ghatal Ao %M%’m] FE3e] 4738 dEE 9L
AEAZ 5 gl Wi FAA A Haral ks v
2 2770 2 ug Al wE FIAEL BEd
Aol H)ate] gibal i) 87 o] Sl glen o
T e dUAE BHESHE 8% s AR oplg
8 B Bad] FARE F7MAA AAAY A 24t
St ol 8-S A & itz Srf(e]l s T 1998
Brown & 1996 : Duthie 5 1993). Kim(1997)¢] &7
A 4778 800 TUS HIElYl E 332 $502 9% A5
ZEd > A gle AlEEe GSH-pxe BHEE 71
AlAT =g Brown $(1996)-2 1057k 280 mge] v]Elq)
Eg 23385 49 S99 FY T catalased] &4
=R/ F715 vbA WAzt = AY L catalase. SOD,
GSH-px9] @457} 25 S7kst9ch.
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25 EEE 100
A BHAEA
RENEE B8
o 4% w& ¢
354718 MIE BE AIIE FAT A TeHe
feez stgon, ou AN Fd¥ (pack-year :
convert cumulative smoking periods and amount into
how much have smoked(pack) a day for(year))# H]
B3 C 8% wxo g o) HH% 9y vee 13}
of T 199, A& 19%, v BST 199, 25 +
HE BET 19908 TR

.HERMEE N I 0§

HIEMIA] 32 3595¢ Y o4 8ARE 23 94
Atele] wwr;l smAN FFAgeH FF A 2
Azo)M B&2 Folsidnt, vEw ¢ FLog= RAY
L-ascorbic acid® vlepel ¥&7(19%)7 w8 + #|glq
BE7(19%)e] ddAEAA 500 mg® FFAL, g2
T(19%) 3 TE7(19%)d A+ placeboz AL ZF3}
Ark.
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2 AANsk, ', 2tf, EEur e Mt n §F
A ST AR 14, ‘RE2gfel oL 8L Fo] £
qe e, A %vﬂ T3t

AT = - et X 100

) Zo Ecld A B9

’34 Af e 3/, AAF. wF A, S+ 2 #
AEF, WAGE A5, A2F, G4 A7, 534 A
25, Fd, 718, J2HE AF § AA 12 2oz 3§
o, & 08 4= 04, F 123 43 18, F 3~43]
A= 23, F 563 A= 3%, F 73 4A=44o=
Aggate] Aatsisda, 4 AN 715D J2HE AF
HHHE 732 9oz gaagdrt,

4. 8 Y% IA

1) B% Catalase 2YT 5%

729 catalase FATE Abei(1984) Holl wa} hy-
drogen peroxide’} E£3=HE HTE EAalycl. GH=s
240 nm EFEE HOS EAEFATE o435t A5t
31, mg protein F 1E F¢ B2EEHE reduced HO,9
pmol 2 ¥EA)SHCL

2) 7% GSH-px BY¥E 5%
GSH—px® SAEE Paglia & Valentine(1967)3} De-
agen %(1987)¢] ¥H-S 4431 714 & hydrogen pe-

roxide(H,0.) & ©]-&# coupled enzyme proceduredl]

98] 23R, BYEE NADPHS] BE34 4
B3l AaEIY, mg protein@ 18 Fokd Absie=
NADPHS nM & FAJ&t4ith

3) 9% S0D BY¥E 5%

SOD &4 =+ Marklumd®t Marklund 28 (1974) 2
Sheri &) ¥ (1983)-& +38e] pyrogallol®] autoxi-
dationg SOD7} 9Ashs A=E %3t 489} En-
zyme 1 unit®= pyrogallol autoxidation® 50% &3}
=d Bad B4 o ESY I, specific activity
© "7 1mg protein®l H43he enzyme unito = &
A =

4) 9% Ceruloplasmin
se YT 5
Ceruloplasmin %%+ Sunderman® Nomoto(1970)

Eo}

&% A ceruloplasmin ferroxida-

9] p-phenylenediamine(PPD) oxidase assay ¥'d<,
ceruloplasmin ferroxidase activity= o-dianisidine di-
hydrochloride® 7142 Al&-8led oxidase activityZ &
Asl= Schosinsky $(1974)¢] W& ol &by A3
ceruloplasmin %%} ceruloplasmin ferroxidase S©]

FYEE g Aol e AN

Ceruloplasmin 5>(g/L) = 0.752(Az — Ar)
A : Reaction A 83#e] Egx
Az Blank N3E#e] E4=

Ceruloplasmin ferroxidase activity =
(Ais — Ay X 6.25 x 107" unit/ml

Ayt 737} 158 ¥HgAIZ A5 FHRE
Ayt 747 5E -EAIZl AR AR

5) 9% TBARS & &%
st A g2 ¥ TBARSE Ohkawa §(1979)9] 1
WHog S4519r}. Thiobabituric acid(TBA)$; ¥-g-8)
T =42 FE BAsgon, o] EEEAL 1.1,
3,3-tetracthoxypropane(TEP) & AMg3ly ¥z g &
et

5 5800 23 X 9Y¥ns Bt BHE 4Tt AR B

Higte] B 2 w8e §HE 27 98t pre/post
paired t-test® S3t o4 HFE AAEHLH, in-
tervention 3 Halgk) glo)A 477k ol B AWK
98t Anova ¥ Duncan's multiple range testS 2 A)

EFies

i 3 O

1. HYAES FAY, JYAN X MWL gt

1) MRS BMI2t &3

FA RS AFH AL 233 9L BMI
(AF(kg)/(AFm)))9 E99 (pack-year) S AH =2
23, BMIAME TE Zo)7k 9le Aoz vehd g
H FAEe g7 0.94, TEF 090, vE REF 122
& + HE BEF 0,972 2t} ¢l UER K (Table 1),
£ a7 EFel HsA Fol A=zt AR

2) QUAAl T Al

FUA A A, o%Lﬁ; A# 7ol g intervention
9] BN dHE IR 3 Ad Fo o]y HFEL =27
3= 403t prepost test AN HA(FHI T 1992 A



71 - ©1734) 1997 Lewis ¥ 1992 : Neumark % 1995)2
AHg-at et
FUA Y FHL zTo) 101800 8740 E 40
Yo WSS 8.7ANA 104802 HE BEFo]
797844 91802 F& -+ ek BEF] 8.8FA]
1113822 Yeh} intervention ¥ Q%A 4o Z7)ehs
& BRom(Table 2), $7F Ax e 35 + vlekql B
F, WET, HEY ¥EF £0F e W8] 2a4
AE 7 AT B AP 47 BF /Mo w
T3 A&+ HER BEToA foEHe Z7lE R
E

fo o of e

olrl& 1999)6t XS] FEA A ABT o]
8] Qo] FLIE AHAA Fct %] W& AL
223 dd WE-g AEA 558k Ao ARE %A
1€ WEA71717F 848 PSR - o134 1997). =
W52 Abo] dlojubs AHRE FHe A48 B
Soleh & 4 dvk. ARY JFA 2 0] @A Y&
olohd, He E5ol HAL 2 FA71RE AAF
A BY BEo) AT 0 71 BE B o) FoRok I} ®
3 ZadvlE AR B0l & Avlelng, Agw 2
Ao 428 AR YEez N&AA dEusL Al
T Fade] I L FEE Aol eyt dE e
2 o]ojA 259 AAE el olnutAsA & Aelct,

Table 1. BMI and smoking status of participants in this experiment
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3) N g Hg

Intervention & A& AWz WM3l= durgict
BEEToA ARG SR 44 v} SUEtged &
o] 29l Zo] & VER A egtrk(Table 3).

FEY gkt A wSg e iR (ST, I8 +
HEY BET)EY 3 29 sdFe) M3 dlxs)
F7ketE T Aot ot GemKo] ofa) G A
H=7} Z7HTable 2)8 & ne{sly g udngo] A4
£ WS e RAFYL XAl FrtE P5A
Hof FAHA GakS Foi(ME 1996), F% TH) o)
EA 4F79 43 vnr) fodes oHdAS 5
1999)dct spck. g Mol daP) & 49
(H3d 1984904 Yeha gxe] oz 49 A)
£ A53torH 4o B8 BEr) ¥Eata A PEo)
32 4 1k (Grotkowski & Sims 1977).

2, N Yoopy ot

1) B SN TA BYE Bt

FistaA 540 BT WIS ZAEY Table 40
A EHT A catalase P EE BE LA MM
o} folFo)x] ghgtar, % GSH-pxd] A= 94 #
el HEE B & ¢ith 2} 3 80D S4=e
25 + vjebn BEFA 4414914 67.86 unit/min/mg
protein® & #-95tA F7FstE).

rE ¥ o o

Vit € suppl.n = 19)

Variables Control(n = 19) Fduc.in = 19) Educ. + Vit C supplin = 19)
BMiI(kg/m?) 19.17 + 0.52° 2094 + 0.62% 2061 + 0.78% 2141 £ 0.78°
Pack-year” 0.94 + 0.02 0.90 + 0.01 1.22 £ 0.04 097 +.0.03°

1) Mean + SE

2) Pack-year : convert cumulfative smoking periods and amount into how much have smoked(pack) a day for 1 year

e.g. 1 pack of cigarette a day for 2 year — pack-year = 2

2 packs of cigaretie a day for 1 year — pack-year = 2
3 packs of cigarette a day for 3 year — pack-year = 9 .
a, b, ab : means with different superscript letter are significantly different among groups at p < 0.05 by Duncan’s multiple range test

Table 2. Changes in nutrition knowledge between pre- and post-intervention according to Vit C supplementation and nutrition education

Controlin = 19) Educ.(n = 19) Vit C supplin = 19)  Educ. + Vit C suppl{n = 19)
Nuirition Pre 101 % 0.6% 8.7 + 0.7 79 £ 0.7 8.8 + 09
kaowledge" Post 8.7 = 1.5 104 + 1.2 9.1 £ 1.4 1.1 4 1.0
Change® -14 £ 1.3 1.7 £1.0° 1.2 +£1.0° 23+ 1.1°
Accuracy Pre 698 £ 1.9 717 = 1.8 724 + 2.0 68.2 £ 4.5
Post 78.7 = 4.3 830 £ 37 783 £ 5.8 836 = 3.5
Change 8.9 4+ 3.8* 11.3 = 3.5% 59 £ 67 154 £ 5.7%
1) Nutrition knowledge(0 - 1) : correct answer 1, don't know 0, wrong answer 0
2) Mean * SE

3) Change of score between pre- and post-intervention.

a, b, ab : means with different superscript letter are significantly different among groups at p < 0.05 by Duncar’s multiple range test
#, ++ : significantly different between pre- and post-intervention at p < 0.05, p < 0.01 by paired t-test
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Table 3. Changes in food consumption frequency between pre- and post-intervention according to Vit C supplementation and nutrition edu-

cation

Variables Controlin = 19) Educ.n = 19) Vit € supplin = 19)  Educ. + Vit C suppl.ln = 19)
Soybean ~0.11 £ 0.237 0.11 + 0.30 g.16 + 0.24 -0.50 + 0.28
Fish 0.05 +0.14 0.00 = 0.30 0.16 =+ 0.30 0.00 £ 0.20
Meat 0.05+ 0.18 0.39 £+ 0.30 0.05+ 0.26 0.06 + 0.32
Egg 0.00 + 0.23 -0.06 + 0.38 0.00 + 0.30 -0.44 + 034
Milk or daily products ~0.11 + 0.37 -0.58 + 0.29 -0.58 + 0.38 -0.22 +0.38
Anchovy ~021 £ 0.26 0.11 + 0.31 -0.05 £ 0.24 -0.06 +0.27
Seaweed ~0.44 + 042 -0.21 £ 0.39 -033+0.21 -0.80 £ 0.44
Vegetables 0.05 + 0.28 -0.78 + 0.35* 0.06 + 0.35 -017 £ 041
Yellow-green vegetables ~0.05 £ 0.35 0.26 + 0.33 -0.32+0.20 0124017
Fruit ~0.32 + 0.36" 0.33 + 0.25* 0.18 + 0.37° 0.33 & 0.28*
Qil ~0.32 + (.36 -0.16 + 0.26 -0.11 + Q.35 -0.28 + 0.27
Instant food ~0.21 £0.20 011 + 0.29 -0.32 £ 036 -0.28 4+ 0.30
Total ~0.59 + 1.59 071+ 147 -0.69 = 1.59 -1.53 £ 1.41
1) Mean + SE

* 1 significantly different between pre- and post-intervention at p < 0.05 by paired ttest
a, b, ab : means with different superscript letter are significantly different among groups at p < 0.05 by Duncan’s multiple range test

Table 4. Changes in plasma catalase, SOD, GSH-px activity between pre- and post-intervention according to Vit C supplementation and nu-

trition education

Variables Controlin = 19) Educ.(n = 19) Vit C suppl.(n = 19) Educ. + Vit C suppl.n = 19)
Catalase Pre 203.11 =+ 34.49" 23530 + 39.87 247.32 + 40.29 248.45 * 44.32
@mol HO; reduced  post 361.28 + 86.56 360.34 + 82.37 431.19 + 130.22 332.24 + 65.78
/miry/mg protein) Change®  149.80 + 88.48 99.85 + 109.68 194.86 + 109.08 4294 + 44.37
SOD Pre 5369 + 5.68 56.89 + 6.67 7269+ 11.76 4414 = 7.24
{unit/min/mg protein)  pgst 7137 + 7.81 7571 £ 10.16 96.36 £ 19.93 67.86 + 11.26
Change 19.42 + 9.55 13.27 + 5.88 2367 £ 14.12 29.24 £ 9.25*
GSH-px Pre 76.35 + 17.21 7721+ 14,58 7941 + 20.01 79.00 + 18.42
{nmoINADPH oxidised  pgst 79.13 &+ 18.92 79.98 + 17.99 81.22 + 22.05 81.37 + 20.09
/min mg protein) Change 278 + 19.21 277 + 2011 181 + 19.08 237 + 17.09

1) Mean =+ SE

2) Change of plasma enzyme activity between pre- and post-intervention

* 1 significantly different between pre- and post-intervention at p < 0.05 by paired t-test

vjelyl EE 800 [U 457+ %'—:LW Ax 97 GSH-px/t
7HE R (Kim 1997), %8k 1053F 280 mge] H[eH

£ FET A% Foxs v j"qz} B% AYY catala-
se®] BT 7 Ek9ler], 48T SOD, GSH-pxE H)
FATAAHT E7H Brown 5 1996)sHdckn B nsle] &
Absl A0 HA = vlee E 2% &3k 33 A1t
Boch 2y B dyoe wERl EZF obd nle C
& B0 E B7stn nS + vel BET &
& 8OD =7}t F7hetact. &, wE C BE2 413
# vEt EE AAA7IE 9T sz, o= s A
a-tocopherol?] FE7t AFEoH, °]i R
SOD #4%7} F716lel & AR gAY, s £4
A wlelIel vlelYl C BEo 2T sMisl AAE AL
T = 7FeAdel BeRg

2) 8% Ceruloplasmin S& % ceruloplasmin ferroxida-
se ZHE MY

8% ceruloplasmin 55 @4 + HgT B4
5.49 mg/dl Ao e BEFE 4.74 mg/dl, I
ST 3. 27 mg/dl o =272 3.40 mg/dI¥ 2431 v
BRlE BEE Aol o 2ol Z4HUES B F it
T2 %“FE-J WP T 477k 2790 2ol 7t 9l
o}, Ceruloplasmin ferroxidase 5°] Z4%E inter
vention & 5% #25A =715t en, &8 vjely 1
g Aol o] ol Sl AL B = Uich(Table 5). &
Aol A el ceruloplasmm ferroxidase 5°] 84%=
%7k 8% ceruloplasmin 5% 7oA Vel datet
A Az whebd weldl REo0® Qs gz ceru-
loplasmin F= Z4E 7HAstx, ©)d wet ceruloplas-

o=

o= 20



Table 5. Changes in plasma ceruloplasmin concentration and ceruloplasmin ferroxidase activity between pre- and post-intervention ac-

cording to Vit C supplementation and nutrition education
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Variables Controlin = 19) Educ.(n = 19) Vit C suppl.ln = 19) Educ. + Vit C suppl.(n = 19)
Plasma ceruloplasmin Pre 2792 + 098" 2816 £ 1.10 28.70 £ 1.95 30.01 + 227
{mg/dl) Post 2452 +1.02 2489 + 1.64 2394 +1.38 2484 +1.13
Change”  ~3.40 =+ 1.13% -327 £191 —4.74 +1.92* -5.49 + 265
Ceruloplasmin ferroxidase  Pre 0.090 + 0.001 0.092 £+ 0.002 0.090 £ 0.002 0.091 + 0.002
acitivity(unit/mi) Post 0.089 + 0.001 0.092 + 0.001 0.091 = 0.003 0.091 + 0.003
Change®  -0.001 =+ 0.001 0.000 + 0.002 0.001 £ 0.003 0.000 % 0.003
Specific ceruloplasmin Pre 0.32 =0 033 = 0.01 031 +0.01 0.30 £ 0.01
ferroxidase acitivity Post 0.36 % 0.01 037 + 0.01 038 £ 0.01 0.37 % 0.01
(unit/me) Change 0.04 + 007 0.04 +007* 0.07 =+ 0.01%* 007 + 001
1) Mean + SE

2) Change of plasma concentration between pre- and post-intervention
3) Change of enzyme activity in plasma between pre- and post-intervention
*, ** : significantly different between pre- and post-intervention at p < 0.05, p < 0.01 by paired t-test

Table 6. Changes in plasma TBARS concentration between pre- and post-intervention according to Vit C supplementation and nutrition edu-
cation

Variables Control(n=19) Educ.(n=19) Vit C suppl.n=19)  Educ.-+Vit C suppl.(n=19)
Plasma TBARS  Pre 2.65 £ 0.85" 199 + 0.26 3.52 + 1.69 212 £ 0.18
{pmol/L) Post 137+ 0.18 2.06 + 0.22 2.16 + 0.27 1,90 + 0.23
Change” -1.28 £ 0.8 0.07 + 0.33 -1.36 + 1.72 0.22 + 0.29
1) Mean + SE

2) Change of concentration between pre- and post-intervention
All data were not significantly different between pre- and post-intervention at p <{ 0.05 by paired -test

S FARe] HE~ TBARS =71 #elded 7H4319
tH(Brown = 1998). ‘

B 79 Mulholland 5(1996)9] AFoxE 1%
o= S84 wighyl 2 djeld C2 =F8AZ7]9] TBARS
Z2el 93] &3yt YEA] L Zog HeAe,
vl BEo2 AUl TBARS H3lr} vhepix] gAY =
= e T 0N 295 vEhlls A4S A B3
AREE= HEI Y] 5, BEfY] & e vlER] 137
7H gt 28R E Ao A
Fogo dPdMe BE 7jzh RE vEY $7 8
vlelele] ok @by, T3l AlY deEds Es]
dez oldt vheket XA iEE (conjugated diene
) B3} ekibo] A€ A E5 vl e o AR

min ferroxidase 5° 458 F714A AU ikl 7]
T2 F7E I e S Rt

3) Y% TBARS 5k W3

4 ~2E4 A2 o3 F715 A TBARSE Haks)
G4 BEOR TN Aoz 7idse] 73] TBARS
HslE ZARIYEY intervention 3 WlEl BEF
& + vlepdl BEpolM 83 TBARS F=rt Basiae
W(Table 6), SoA o1& Gt

Mulholland 5-(1996)¢] AFeA% ozt AR A
149 Fot vlElN] C 1 g2 BEsidely) & vielg)l C 5
=& Z7lsgot, 2% TBARSY #1444 #ake 2dad
tha she] B Qe e ARE rgd =y 8igw
C 29 thE e QYRS P 25F AfelE TB-
ARS F% #4E E 5 330, Do 5(1996)2 1059 Qo oI HE
EdANA 6 mg?) B-carotene, 200 TU2) BT & 250
mge] BlEMY CE 315 48 3837t HEA 7 A5 4 &
d AAIRESE L] sErt hAStH e syt Ed
EAAA BlekA C 600 mg, BEPA E 400 mg, Bca-
rotene 30 mg ¥E EFE F22 Fget 2o st
A& xr7} 79t (Francene & Alan 1998). o] ¢
ol 1057 3% 280 mgd] HlEtTl EXrE 45 TEE 3

ofl moh ofw

B d7e Ao Tk A ksl B g4, o
x| 2at 4] MaE EH 02 intervention 7t
T FQ @A z5A 769 S dRT 199, wEE
199, vjell B3 199, T4 + ¥eiYl BET 1952
2 Testd Hety BEn 9% 5 AlFEL, 1 &%
€ wAstA st en dohs et 2t
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1) B9AH $42 af + vielRl 237l 2,38 F71
sig.er, ase) 1.74, HEl BEo] 1.27 S8k
Ark. 3 AFE HF U= WstE 2ARKOY 28T
I w& + e BEFA 3 Airol AAdFY 4
F W=7t Frkete] mge) BRE B 4 AT

2) A Fats B g2 AR HIE 2AEIE
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