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ABSTRACT

There is increasing evidence that dietary factors in plant-based diets are important for the prevention of chronic disease.
Especially, phytonutrients in fruits and vegetables have been recognized as major contributors for the decreased level of
oxidative stress. In this study, the effect of switching the dietary habit to high consumption of fruits and vegetables were
evaluated on the parameters of serum antioxidant status in healthy high school students. Forty one students participated in
arandomized controlled trial and were assigned to the control group (n = 18) or the intervention group (n = 23). The inter-
vention group was provided for 8 weeks with the main food source being whole grain and vegetables. Anthropometric mea-
surements, blood parameters and dietary intakes were measured, and compared before and after study. After 8 weeks,
weight and BMI were significantly decreased in the intervention group (p = 0.000). The serum diacron reactive oxygen me-
tabolites (d-ROMs) test resulted in a significantly decreased level only in the intervention group (p < 0.05) after 8 weeks,
but serum biological antioxidant potential (BAP) was increased significantly in both groups (p < 0.001). Intake of ener-
gy, total fat, cholesterol and sodium in the intervention group were significantly decreased after 8 weeks (p < 0.05). Also,
the intervention group had significantly increased vitamin and phytonutrient intakes of all-trans-B-carotene, a-carotene,
a-tocopherol, ascorbic acid, and total phenols (p < 0.05). Overall, the results of this study suggest that whole grain, fruits,
and vegetables supplementation showed improvement of the adolescent health. (Korean J Nutr 2012; 45(5): 452 ~ 461)
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Fig. 1. Study flow diagram.
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Table 1. Comparison of anthropometric measurements between 0 week and 8 week in the control and the intervention group
Control (n = 18)

Variables Male (h =12) » Female (n = 6) Total (n = 18)
0 wk 8 wk P 0 wk 8 wk P 0 wk 8 wk P
Height (cm) 171.5+2.9" 1623+ 6.2 168.4+ 6.3

Weight (kg) 62.1£9.2 62.0+9.3 0.830 570+84 57.3+83 0.363 60.4 +9.1 60.4 +9.0 0.842
BM I (kg/m?) 21.1x£28 21227 0.405 21.5+1.6  21.7+£1.5 0.183 212+24 21424 0.160

Intervention (n = 23)

Variables Male (n=9) Female (n = 14) Total (n = 23)
0wk 8 wk P 0wk 8 wk P 0 wk 8 wk P
Height (cm) 172.9 + 4.6 1622+7.8 166.4 +8.5

Weight (kg) 703+£125 66.6+13.0  0.001 608+ 129 583+12.2 0.001 64.5+13.4 61.5+12.9  0.000
BMI (kg/m?) 23.4+£3.5 22.1£3.6 0.001 23.0+38 220+£3.7 0.000 232+3.6 220+3.46 0.000

1) Mean + SD  2) Significantly different between 0 wk and 8 wk within each group by paired t-test, p < 0.05
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Table 2. Comparison of Blood profiles between 0 week and 8 week in the control and the intervention group

Control (n = 18)

Intervention (n = 23)

Variables 2 3 P
0 wk 8 wk Change 0 wk 8 wk Change
TC (mg/dL) 14539 +26.37" 15517 +31.4 9.78 0.066 163.35+35.84 145.65+34.99 —17.70 0.003 0.001
TG (mg/dL) 99.06 + 50.7 70.44 £ 14.27 —28.61 0.018 101.17 £75.44 88.96£51.23 —1222 0.195 0.254
Zn (ug/dL) 119.95 £ 15.07 92.49 +7.63 —27.46 0.000 119.49 +£17.58 87.39 £8.27 —32.09 0.000 0.379
Fe (ug/dL) 110.06 +35.23 101.06 + 49.87 - 9.00 0.438 83.13 £38.9 86.17 £ 47.79 3.04 0.781 0.451
Ca (mg/dL) 9.66 +0.3 9.71 £0.34 0.05 0.577 9.50 +0.31 9.55 +0.35 0.05 0.438 0.983
d-ROMs (Carr U)  273.28 + 72.08 260.83 £ 69.97 —12.44 0.183 308.96 £ 78.61 283.57 £55.06 —25.39 0.041 0.407
BAP (umol/L) 2082.56 24222 2550.33 £209.98 467.78 0.000 1896.96 +300.14 2552.39 +209.21 655.43 0.000 0.130

1) Mean + SD 2) Change = 8 week — 0 week 3) Significantly different between 0 wk and 8 wk within each group by paired 1-
test, p < 0.05 4) Significantly different between the control and the intervention group by student’s t-test, p < 0.05

Table 3. Comparison of daily intakes of energy and nutrients estimated from Phytonutrient contents in FFQs between 0 week and 8

week in the control and the intervention group

Control (n =18)

Intervention (n = 23)

2)

Variable P P
0wk 8 wk 0wk 8 wk
Energy (kcal) 2469.80 + 947.47"  2180.53 +911.78 0.060 2453.33 £ 640.03 1963.85 + 789.96 0.012
Total Protein (g) 82.34 + 30.39 72.42 +29.29 0.110 77.23 + 23.87 53.48 + 23.53 0.001
Plant source protein (g) 43.14 + 16.03 37.94 +16.87 0.107 48.33 + 15.07 49.79 + 23.40 0.767
Animal source protein (g) 39.21 £20.15 34.48 + 15.84 0.291 28.90 + 13.44 3.69 £ 3.47 0.000
Total fat (g) 66.31 + 32.03 56.83 + 27.42 0.147 54.58 + 20.34 14.38 +8.10 0.000
Plant source oil (g) 26.89 + 14.42 23.14 +12.60 0.219 24.34 +10.81 10.53 £5.32 0.000
Animal source fat (g) 39.41 +19.67 33.69 + 15.95 0.150 30.23 + 12.09 3.86+ 4.62 0.000
Carbohydrate (g) 389.18 £ 156.52 347.74 £ 158.28 0.071 417.94 £124.67 410.53 + 168.82 0.834
Dietary fiber (g) 24.73 +12.05 19.78 £ 11.10 0.067 29.17 + 14.46 36.18 + 24.09 0.135
Tatal Ca (mg) 683.31 + 254.53 535.47 +244.98 0.019 614.07 +219.75 395.54 +214.13 0.000
Plant source Ca (mg) 303.29 £ 131.98 244.98 +129.07 0.059 358.55 £ 159.99 373.73 £206.71 0.693
Animal source Ca (mg) 380.02 + 208.55 290.49 + 164.29 0.055 255.52 + 113.64 21.81 +35.02 0.000
P (mg) 1256.61 £ 458.20 1037.40 + 430.25 0.028 1150.11 + 345.79 817.11 £ 352.68 0.000
Total iron (mg) 13.89 + 5.45 12,16 + 5.46 0.106 15.32 + 5.99 16.15+7.22 0.584
Plant source iron (mg) 10.69 + 4.50 914+ 4.44 0.071 12.60 + 4.89 15.75+7.23 0.024
Animal source iron (mg) 3.19 £1.92 3.02 + 1.58 0.655 272+ 1.77 0.39 +£0.33 0.000
Na (mg) 3207.24 £ 1422.22  2694.52 + 1469.07 0.123 2918.22 £ 1410.92 1222.74 + 686.17 0.000
K (mg) 3517.72 £ 1574.71  2878.21 £ 1462.15 0.042 3572.44 £1577.59  3778.29 £1987.92  0.550
Zinc (mg) 10.92 + 3.94 9.75+3.82 0.087 10.51 +2.93 8.78 +3.77 0.029
Folate (ug) 360.87 +203.35 273.81 + 175.81 0.037 367.51 £218.39 418.90 + 261.10 0.264
Cholesterol (mg) 351.75+179.67 330.22 £ 226.15 0.587 291.83 +123.31 37.08 + 38.51 0.000

1) Mean + SD  2) Significantly different between 0 wk and 8 wk within each group by paired t-test, p < 0.05
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Table 4. Comparison of daily intakes of phytochemical nutrients estimated from fruits and vegetable FFQs between 0 week and 8
week in the control and the intervention group

Variable

Control (n =18)

Intervention (n = 23)

2)

0 wk

Energy (kcal)

protein (g)

Plant source oil ()

Carbohydrate (g)

Dietary fiber (g)

Ca (mg)

P (mg)

Iron (mg)

Na (mg)

K (mg)

Zinc (mg)

Vitamin B1 (mg)

Vitamin B2 (mg)

Vitamin Bé (mg)

niacin (mg)

Folate (ug)

Provitamin A carotenoids
all-trans-B-carotene (mg)
9-cis-p carotene (mg)
a-carotene (mg)
cryptoxantehin (mg)

Non-provitamin A carotenoids
Lutein (mg)
Trans-lycopene (mg)

Tocopherols
a-tocopherol (mg)
y-tocopherol (mg)

Ascrobic acid (mg)

Total Phenols (mg GAE)

294.06 + 231.82"

8.13 = 6.68
1.48 £1.28

68.22 + 53.81

10.52 + 8.45

98.32 + 68.34
195.12 £151.27

3.29 £ 2.62

80.44 + 64.77
1343.42 = 1034.42

1.48 = 1.49
0.47 £0.45
0.25+0.24
0.81 =0.58
5.19 £7.30

187.27 = 154.74

3.12 £ 2.69
0.12+0.13
0.20 +0.26
0.89 + 1.63

1.34 £1.39
6.95 £ 9.59

1.65+£1.25
0.42 = 0.45

264.98 +182.67
63.35 + 49.66

8 wk P 0wk 8 wk P
236.65 £ 202.76 0.179  348.58 +264.70 490.32 + 300.58 0.007
591 +5.15 0.167 10.39 £7.95 14.71 £ 11.69 0.078
1.10 £0.98 0.123 1.81 £1.35 2.10 £ 1.44 0.225
55.14 + 46.92 0.176 80.03 + 61.81 113.53 £ 67.86 0.003
7.52 + 6.87 0.138 13.86 = 11.24 20.46 = 18.43 0.112
68.15 £ 57.74 0.081 135.31 £ 118.50 155.63 +102.83 0.235
138.87 £121.73 0.094  233.41 £189.65 282.40 + 206.26 0.079
2.34+£1.90 0.113 4.36 £3.55 6.42 + 413 0.036
49.27 + 50.19 0.049 96.99 £ 109.67 126.23 + 128.58 0.173
1000.46 = 844.20 0.108 1660.19 +£1295.00  2061.79 +1373.54  0.030
1.16 £1.17 0.411 1.62 £1.39 2.02+1.72 0.170
0.34 £0.32 0.135 0.49 +£0.39 0.54 £ 0.41 0.449
0.19 £0.19 0.192 0.25+0.19 0.28£0.17 0.325
0.58 = 0.47 0.035 1.01 £0.72 1.25+£0.82 0.018
5.27 £7.52 0.973 4,76 + 4.26 4,93 = 4.01 0.699
121.95+109.77 0.062 199.62 £ 179.11 278.87 +211.29 0.071
216 £1.74 0.095 3.68 £3.75 6.33 +6.11 0.006
0.07 £0.07 0.071 0.21 £0.25 0.28£0.18 0.171
0.13£0.26 0.296 0.19 £0.32 0.61 £0.49 0.000
0.91 £1.53 0.954 0.37 =0.44 0.77 £ 1.46 0.164
0.75 £ 0.69 0.061 2.20 £2.86 3.17 £1.85 0.117
5.19 £5.88 0.320 8.44 £ 13.66 10.43 £ 17.46 0.447
1.21 +£0.88 0.119 1.63 +1.28 232+ 1.15 0.002
0.26 £0.31 0.048 0.50 = 0.61 0.57 = 0.44 0.472

245.98 £ 193.67 0.664  245.08 + 155.83 483.80 + 248.23 0.000
529.53 + 403.61 0.000 102.26 + 149.79 1071.23 £ 525.72 0.000

1) Mean £ SD  2) Significantly different between 0 wk and 8 wk within each group by paired t-test, p < 0.05

2 (p < 0.05) 3tlem AAAH A=
[e]

2k, g, wRf, 217,

TRAE, WA, FA oy oFel A TH, AFIE (A BleT)
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Control
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Bread ] owk
Cake = 7 8wk
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L

Chicken =%

Snack T

Kinds of snack

Biscuit *

lce cream .
Sherbet T

T
0.0 0.5 1.0 1.5 2.0 2.5 3.0
@ Times/wk

Intervention

Ramen ;I

Bread =%

o Cake ! .
8 Hamburger f—— [ 0wk
& Pizza [ 8wk
° Chicken e

g K

& Snack %

Biscuit [

Ice cream ¥

Sherbet ¥

T
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Times/wk

Fig. 2. Comparison of snacking between 0 week and 8 week by
food frequency questionnaire in the control and the intervention
group. A: Control group. B: Intervention group.
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