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Increases in human plasma antioxidant capacity after consumption
of controlled diets high in fruit and vegetables’3

Guohua Cao, Sarah L Booth, James A Sadowski, and Ronald L Prior

ABSTRACT It is therefore plausible that the putative beneficial effects of a
Background: The putative beneficial effects of an increasedhigh intake of fruit and vegetables on the risk of diseases may
consumption of fruit and vegetables have been associated witipt result exclusively from the action of antioxidants, such as the
antioxidant nutrients. However, the effect of fruit and vegetablevell-characterized vitamins E and C fprcarotene. Rather, they
consumption on the overall antioxidant status in humans isnay result from the action of lesser known compounds or from
unclear. a concerted action of a combination of different antioxidants
Objective: The objective of this study was to investigate whethempresent in these foods. When 8-hydroxydeoxyguanosine
a diet rich in fruit and vegetables would affect the antioxidan{8OHdG), a product that arises from free radical damage to DNA
capacity of human plasma. or to the DNA precursor pool, was measured in human urine, it
Design: Thirty-six healthy nonsmokers resided in a metabolicwas found that neither dietaBscarotene supplementation (16)
research unit and consumed 2 sets of controlled diets. Diet Aor supplementation with vitamins E or C or coenzyme Q10 (17)
contained 10 servings of fruit and vegetables each day for 15 dhanged the amount of 8BOHdG excreted. However, human vol-
Diet B was the same as diet A, except diet B also provided Bnteers fed Brussels sprouts showed a significant decrease in
servings of broccoli each day on days 6-10. There was a free-ll BOHdG excretion (18). Brussels sprouts are rich in nonvitamin
ing period of a minimum of 6 wk between the 2 experimentsantioxidants, as shown by using the oxygen radical absorbance
using either diet A or diet B. Fasting plasma antioxidant capaceapacity (ORAC) assay (19), which suggests that the observed
ity, measured as oxygen radical absorbance capacity (ORAC}lecrease in 8BOHdG excretion may be associated with other com-
and a-tocopherol concentrations were determined on days 1, ounds with antioxidant properties.
11, and 16. In this study, we determined whether human plasma antioxi-
Results: The fasting baseline plasma ORAC of these subjects wadant capacity responded to the ingestion of diets rich in fruit and
significantly correlated with their estimated daily intake of totalvegetables in a controlled setting. The antioxidant capacity was
antioxidants from fruit and vegetables during the previous yeameasured by using the ORAC assay, which is one of the methods
Plasma ORAC of these subjects was significantly increased byeveloped recently to assess the total antioxidant activity of a
both diets A and B. This increase in ORAC could not be explainebiological sample. The ORAC assay is, to date, the only method
by the increase in the plasméaocopherol concentration. that takes a free radical reaction to completion and uses an area-
Conclusion: Increased consumption of fruit and vegetables carunder-the-curve (AUC) technique for quantifying antioxidant
increase the plasma antioxidant capacity in humansAm J  capacity, thus combining both the inhibition time and inhibition
Clin Nutr 1998;68:1081-7. degree of the free radical action by antioxidants into a single
quantity (20-22). The ORAC assay has been used by different
KEY WORDS Antioxidant capacity, fruit, vegetables, diet, laboratories (23—-28) and has provided significant information
humans, Trolox, free radicala;tocopherols about the antioxidant capacity of various biological samples
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from pure compounds, such as melatonin (23), dopamine (25
and flavonoids (26, 29-31), to complex matrixes, such as tea (1!
26), fruit (32), vegetables (19), herbs (27), and animal tissue
(24, 28, 33-35).

CAO ET AL

TABLE 1
Intake [total and oxygen radical absorbance capacity (ORAC)] from fruit
and vegetables in the 3-d rotating diet (diet A)

Day and fruit and

vegetables provided Amount ORAC
g pmol
SUBJECTS AND METHODS

Day 1
Subjects Vegetable juicgé 250 745
Eighteen young subjects (aged 20—-40 y; 9 men and 9 womel ézzlcehjiﬂici iég 3(7)2
and 18 old subjects (aged 6080 y; 9 men and 9 women) We | omon juicé 15 38
recruited from the New England region. All study participants  jelly, grapé 15 27
were in good health as determined by a medical history que: corr? 100 400
tionnaire, physical examination, and results of clinical labora- Pear’ 100 130
tory tests. All of the subjects fulfilled the following eligibility Carrot$ 100 210
criteria: 1) they had no history of cardiovascular, hepatic, gas- Pumpkin muffif 100 320
trointestinal, or renal diseas®) they had not been alcoholig) Banana 100 220
they had not used antibiotics or supplemental vitamin or miner Green beaﬁ; 50 100
als within=4 wk before the start of the study; a#idthey did (TS:tg:C powd 0.6 285132

not smoke. Women were specifically excluded from the study i'Day 5
they were pregnant, were lactating, were using exogenous ho Vegetable juice 250 745
mones, or had a history of menstrual irregularities. The stud  apple sauct 100 250
protocol was approved by the Human Investigation Review Tomato saude 50 149
Committee of Tufts University and the New England Medical Pea$ 125 450
Center and written, informed consent was obtained from eac Orangé 150 1125
study participant. This study was designed to examine th Green bears 100 200
plasma phylloguinone and carotenoid responses to diet ¢ Cauliflower 100 380
reported elsewhere (36, 37). The current report focuses on tt Onior? 10 45
effects of a diet rich in fruit and vegetables on plasma antioxi D;;);al 3344
dant capacity. Vegetable juicé 250 745
Controlled diets Cranberry juicé 126 200
Jelly, grapé 15 27
Each study participant resided in the Metabolic Researcl corr? 100 400
Unit (MRU) at the Jean Mayer US Department of Agriculture Pears 100 130
Human Nutrition Research Center on Aging at Tufts University Pumpkin muffif 100 320
for two 15-d periods. The order of dietary manipulation was Green bearis 150 300
determined by a crossover design. There was a free-livin Carroté 100 210
period of a minimum of 6 wk between the 2 residency periods ©rangé 150 1125
when each subject consumed a self-selected diet. qurF 10 45
. . . Garlic powdet 0.3 6
The diet consumed throughout the residency periods was a Tomato saude 50 149
d rotating plan based on foods that are commonly consumed [ o4 3657

Americans (38). Each subject consumed diet A in one perio
and diet B in another period. Diet A provided an average of 1(
servings of fruit and vegetables each day for 15 d, as shown |
Table 1 The daily intake of total antioxidants from the fruit and
vegetables was 3.30 mmol Trolox (6-hydroxy-2,5,7,8-tetra-
methylchroman-2-carboxylic acid, a water-soluble vitamin E
analogue; Aldrich, Milwaukee) equivalent, as determined by

1Trolox (Aldrich, Milwaukee) equivalent.

2Unpublished data for ORAC.

3Data for ORAC content from Cao et al (19) and Wang et al (32).
“Estimated ORAC content.

Usual dietary intakes during the previous 12 mo were esti-

using the ORAC assay (Table 1). Diet B was the same as diet Apated by using a semiquantitative food-frequency questionnaire
except diet B also provided a 102.4-g serving of microwave{39, 40). The total daily number of servings of fruit and vegeta-
heated broccoli at both lunch and dinner (which provided arbles per subject were then tabulated according to standard serv-
ORAC value of 0.78 mmol Trolox equivalent) on days 6—10.ing sizes described on the questionnaire.

Thus, diet B provided 12 servings of fruit and vegetables each o . o o

day on days 6-10. All meals were prepared under the super\)lj-lasm"_" antioxidant capacity and individual antioxidant

sion of a dietitian at the MRU. With the exception of water, no2nalysis

other food or beverages were allowed during the residency Fasting blood samples were obtained from subjects before
period. When averaged over 3 d for diet A, the percentages direakfast. Plasma antioxidant capacity was determined by
energy from protein, fat, and carbohydrate were 16%, 26%, an@RAC assay using citrated plasma deproteinized with 0.5 mol
58%, respectively. All study participants maintained their usuaHCIO,/L (1:1, vol:vol). The automated ORAC assay was carried
physical activities. They also maintained their body weightsput on a COBAS FARA Il spectrofluorometric analyzer (Roche
which were measured daily during both study periods. Diagnostic System Inc, Branchburg, NJ) with fluorescent filters
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(excitation wavelength: 540 nm; emission wavelength: 565 nmpaverage daily intake of total antioxidants from these fruit and
as described previously (21). Briefly, in the final assay mixturevegetables was 1.67 mmol Trolox equivalent (Table 2). No signi-
(0.4 mL total volumeR-phycoerythrin R-PE; 16.7 nmol/L) was ficant effects of age or sex were found.
used as a target of free radical attack with’-22bbis(2- Baseline fasting plasma ORAC ansdtocopherol concentra-
amidinopropane) dihydrochloride (AAPH; 4 mmol/L) as a per-tions of the study participants before starting diet A or diet B are
oxyl radical generator. Trolox was used as a control standargdhown inTable 3. No effects of age or sex on the baseline
The analyzer was programmed to record the fluorescenBe of plasma ORAC were found by using two-way ANOVA. However,
PE every 2 min after AAPH was added. All fluorescence measthere was a significant age effect foitocopherol P < 0.001);
urements were expressed relative to the initial reading. Fingloung subjects had significantly lower fasting plasmtoco-
results were calculated by using the differences of areas undpherol concentrations than old subjects, as was reported else-
the R-PE decay curves between the blank and a sample, anghere (42). The baseline plasma ORAC or plasatacopherol
expressed agmol Trolox equivalent/L (21). Plasma-toco- concentration measured before diet A was not significantly dif-
pherol concentrations were determined by HPLC (41) in thderent from that measured before diet B.
Nutrition Evaluation Laboratory of the Jean Mayer US Depart- There was a meat ED) of 3.23+ 1.41 mo (range: 1.5-6 mo)
ment of Agriculture—-HNRCA at Tufts University. between the 2 periods of residency. The baseline fasting plasma
ORAC varied from one subject to another, but was stable for the
same subject over the period of 1.5-6 mo. Quartiles depicting the
Results are expressed as meaB&Ms. The effects of age, sex, mean £ SEM) baseline fasting plasma ORAC for the first and
diet (between-subject factors), and time (day; within-subject facsecond times of residency are shownFigure 1. The mean
tor), as well as their interactions were determined by analysis dDRAC for the first (highest) quartile was2 times that for the
variance (ANOVA) using SYSTAT (SYSTAT, Inc, Chicago). The fourth (lowest) quartile. The mean ORAC for the third quartile
significance P < 0.05) of differences in plasma ORAC and was increased from the first time to the second time of residency.
a-tocopherol between different days was then determined by muHowever, this was primarily because of 2 subjects whose base-
tiple pairedt test with a Bonferroni adjustment. The correlation line ORAC values increased by 60% and 41%, respectively.
and regression analyses of plasma ORAC and daily intakes of total A significant correlation was found in these subjects between
antioxidants from fruit and vegetables were computed by usingheir baseline fasting plasma ORAC and their usual daily intakes
SYSTAT. The regression line was best described by the equationf total antioxidants from fruit and vegetables, as estimated for the
Y = a+ bInX, as assessed by the correlation coefficient. previous year. Daily intakes of total antioxidants were calculated
by using the ORAC values of these fruit and vegetables (Table 2).
The regression line was described by the equa¥Wor: 125.7 +
RESULTS 65.6 INX; r = 0.44 @ = 0.011). The fasting plasma ORAE) (
reached a plateau when daily intake of total antioxidafjtslr-
ing the previous year was >3.0 mmol Trolox equivalent.

Statistical analysis

Usual daily intake of total antioxidants from fruit and
vegetables, the baseline fasting plasma ORAC, and
a-tocopherol concentrations Response of plasma ORAC to the diets rich in fruit and

The usual number of fruit and vegetable servings consume\{iegetabIes

by study participants during the year before the study is shown in Results of ANOVA using age, sex, and diet as between-subject
Table 2. These subjects consumed an estimated average offactors and time (day) as a within-subject factor showed that
servings of fruit and vegetables per day. The fruit and vegetablakere was a significant effect of tim@ & 0.001) as well as a
used in this estimation included fruit juices, grapes or raisinssignificant interaction between time and age<(0.05) on the
prunes, bananas, cantaloupe, watermelon, apples, pears, oranggigsma ORAC. The interaction between time and sex or between
grapefruit, strawberries, blueberries, peaches, apricots, plumsime and diet was not significant.

tomatoes, tomato sauce, tofu, string beans, broccoli, cabbage or .

cole slaw, cauliflower, Brussels sprouts, carrots, corn, peas, lim esponse of plasma ORAC to diet A

beans, beans or lentils, yellow squash, eggplant, zucchini or Plasma antioxidant capacities of both young and old subjects
other summer squash, yams or sweet potatoes, spinach, katesponded to diet A, which provided 10 servings of fruit and veg-
mustard or chard greens, iceberg or head lettuce, celery, beettables per day over a 15-d period. The changes in plasma ORAC
alfalfa sprouts, red chili sauce, garlic, and vegetable juices. Thef these subjects on day 1 (baseline), 6, 11, and 16 with diet A

TABLE 2
Average daily fruit and vegetable servings and total antioxidant intake by study participants during 1 y before'the study

Old men 6 = 8) Old womenif = 8) Young menr{=9)  Young womenr(=9) All subjects if = 34)

Fruit 2.42+0.39 2.43+0.43 2.30+0.35 2.57+0.70 2.43+0.24
Vegetables 2.56 0.69 3.00+ 0.39 2.52+0.58 2.25+0.45 2.57+0.26
Total 4.98+0.91 5.43+0.75 4.82+ 0.59 4.82+ 1.06 5.00+ 0.41
ORAC (mmol Trolox equivalent) 1.91+0.46 1.64+0.25 1.42+0.18 1.74+ 0.58 1.67+0.20

1X + SEM. Usual dietary intakes during the previous 12 mo were estimated by using a semiquantitative food questionnaire (3$ubjdctBadid
not complete the questionnaires but did participate in the study.

2Calculated by using our published data (19, 32) and the data in Table 1. The following unpublished oxygen radical absadign(@RAg) data
[umol Trolox (Aldrich, Milwaukee) equivalent/g] were also used in the calculations: raisins, 28.3; prunes, 57.7; cantalouperé&towal.O; blueber-
ries, 20.3; peaches, 1.6; apricots, 1.6.
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TABLE 3
Baseline plasma oxygen radical absorbance capacity (ORAG)-towbpherol concentrations of study participants before starting either diet A of diet B
Old men Old women Young men Young women
ORAC (umol Trolox equivalent)
Diet A 593.0+ 20.5 567.6t 45.3 638.9t 40.0 5449 42.1
Diet B 632.4+ 30.6 606.3t 47.4 631.74+ 48.7 546.7+ 42.8
Average 612. % 24.4 587.0+41.1 635.3 33.3 545.8+ 41.5
a-Tocopherol (umol/Ly
Diet A* 26.1+1.30 251+ 1.78 19.6t 0.96 17.4+ 1.42
Diet B* 24.4+1.30 26.1+ 1.68 18.6t 1.56 17.4+ 0.90
Averagé 25.2+0.91 25.6+1.19 19.1+ 0.85 17.4+ 0.82

1X + SEM. Diet A provided 10 servings of fruit and vegetables per day for 15 d. Diet B was the same as diet A, except dietBlats@ gaovings
of microwave-heated broccoli (102.4 g at lunch and 102.4 g at dinner, containing 0.78 mmol Trolox equivalent/d) each d&yb8. days

2n=9in each group, except for young men, which had 7 subjects; 2 young men were not included because of the unavailaliiiéypdhsasesam-
ples collected before either diet A or diet B for the ORAC assay.

20ne old man and one old woman were not included because of their high, outlying glemropherol concentrations.

4Significant effect of ageR < 0.001 [two-way (age and sex) ANOVAL.

are shown irFigure 2. The plasma ORAC values of young sub- on days 11 and 16 in old subjects consuming the diet, which pro-
jects on days 6 and 11 were significantly higher than their basedded 10 servings of fruit and vegetables per day from days 1 to
line values. The plasma ORAC values of old subjects on days 1115 (same as diet A) and 2 additional servings of broccoli per day
and 16 were significantly higher than their baseline values. from days 6 to 10. The plasma ORAC of young subjects con-
suming diet B tended to increase, but the changes were not signi-
ficant. The consumption of additional broccoli from days 6 to 10
The changes in plasma ORAC of the subjects on days 1 (baskad no further effect on the plasma antioxidant capacity. The
line), 6, 11, and 16 with diet B are also shown in Figure 2. A
significant increase in plasma antioxidant capacity was obser

Response of plasma ORAC to diet B
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FIGURE 1. Quartiles depicting baseline fasting plasma oxygen ra FIGURE 2. Changes in plasma oxygen radical absorbance capacity

ical absorbance capacity (ORAC). The error bars for a, b, and c for (ORAC) after consumption of diets high in fruit and vegetables. Diet A
first time of residency are too small to be seen. The quartiles were be provided 10 servings of fruit and vegetables per day for 15 d. Diet B was
on the first time of residency. There was an average of 8231 mo the same as diet A, except diet B also provided 2 servings of microwave-
(range: 1.5-6 mo) between the first and the second time of residenc  heated broccoli (102.4 g at lunch and 102.4 g at dinner, containing 0.78
The first (highest) quartiley = 8; b: the second quartile,= 13; c: the mmol Trolox equivalent/d) each day on days 6-8ignificantly differ-

third quartile,n = 10; d: the fourth (lowest) quartile, = 3. Two young ent from baseline (day 1, < 0.05 (Bonferroni adjusted). The baseline
men were not included because of the unavailability of baseline plas (day 1) plasma ORACumol Trolox equivalent/L) for diet A: young
samples in either the first time or the second time of residency for  (n=16), 573.8+ 30.2; old i = 18), 585.9+ 23.9; and for diet B: young
ORAC assayX + SEM. (n = 16), 621.4+ 33.7; old (1 = 18), 613.8+ 28.3.X + SEM.
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change in plasma ORAC from days 6 to 11 with diet B was
significantly different from that with diet A in these young or o
subjects.

Diet A

Response of plasma-tocopherol to the diets rich in fruit
and vegetables

N W b~ O

The metabolic diets used in this study were found to cont
23.7 mg total tocopherols/d (mainly in the tocopherol-fortifie
breakfast cereal), which was 2.4 times the mean dietary intak
a-tocopherol equivalents (9.7 mg/d) in these subjects bel
entering the study (28). Therefore, the plasttacopherol con-
centration was also determined in these subjects.

Results of ANOVA using age, sex, and diet as between-sub
factors and time (day) as a within-subject factor showed t
there was a significant effect of sex, age, and time on the pla
a-tocopherol concentration. The male subjects had hig
plasmaa-tocopherol concentrations than the female subje
(P < 0.01), and the old subjects had higher plasatacopherol
concentrations than the young subjeéts(0.01). The effects of
diet and the interactions between diet, time, and age on pla
a-tocopherol were not significant. 0

The changes in plasmatocopherol of these subjects on da
1 (baseline), 6, 11, and 16 during diets A and B are showigin

—y

N W~ OO

—

Change in plasma «-tocopherol (umol/L)

4 8 12 16
—©-Young —A-0Old —@— Youngandold

ure 3. A significant increase in plasmatocopherol concentra- Time (d)
tion was seen in young subjects on days 6, 11, and 16 with |
diet A and diet B. The increase in plasaocopherol concen- FIGURE 3. Changes in plasmatocopherol concentration after con-

tration in old subjects was significant only on day 11 during dieisumption of diets high in fruit and vegetables. Diet A provided 10 serv-
B. However, when young and old subjects were combined, th ings of fruit and vegetables per day for 15 d. Diet B was the same as diet
plasmaa-tocopherol concentrations of these subjects on days ¢4 except diet B also provided 2 servings of microwave-heated broccoli
11, and 16 were significantly higher than their baseline concer(102-4 g at lunch and 102.4 g at dinner, containing 0.78 mmol Trolox

: : : : : . - equivalent/d) each day on days 6-1Significantly different from base-
gafc(;ngﬁu;lfngtel;hir tdle_t é;éﬂ'?t B;ANO\F/)A_' gﬂse;:; of time, line (day 1),P < 0.05 (Bonferroni adjusted). The baseline (day 1) plas-
" ’_? ec _O ietp = 0. o Ime>x age,r = u. )_' ma a-tocopherol concentrationu(ol/L) for diet A: young ( = 18),
A significant linear correlation between the change in plasmi;g 4 0.86; old (1 = 16), 25.6+ 1.13; and for diet B: youngn(= 18),

ORAC value and the change in plasméocopherol concentra- 180+ 0.85; old f = 16), 25.2+ 1.11.X + SEM.
tion was found for young, but not old subjects consuming diet A
No correlation was found for diet B.
logic events. Therefore, it is important to get various antioxi-
dants by eating fruit and vegetables to ensure an efficient antiox-
DISCUSSION idant defense system.

Almost without exception, epidemiologic studies have found In this study, the plasma ORAC was determined by using
fruit and vegetables to be protective against cancer as well asfAPH, a peroxyl radical generator. Peroxyl radicals are the most
range of other diseases (43he Dietary Guidelines for Ameri- important oxidants physiologically and pathologically. With
cans(44), published jointly by the US Department of Agriculture AAPH as a peroxyl radical generator, the ORAC assay measures
and Department of Health and Human Services, not only advall known nonenzymatic antioxidants, whether they are water- or
cates fruit and vegetable consumption explicitly, but also specilipid-soluble. Examples of these antioxidants include ascorbic
fies that the daily diet should include 2-3 servings of fruit andacid, a-tocopherol, B-carotene, glutathione, methionine, uric
3-5 servings of vegetables. However, it was reported that vergcid, bilirubin, phenolic acids, flavanols, flavonols, flavones,
few individuals in the United States even approached the reconisoflavones, flavanones, and anthocyanins (21-23, 26, 29-31).
mended intakes (43). The increase in plasma antioxidant capacity measured as

The results of the present study provide further evidence tORAC after the consumption of high-fruit and -vegetable diets
encourage Americans to eat more fruit and vegetables. Resulktsuld not be explained solely by the increase in plasftaco-
from this study showed that daily intake of the total antioxidantgpherol, which was also observed in the present study. A signifi-
from fruit and vegetables in human subjects was significantlycant linear correlation between the change in plasma ORAC and
correlated with the fasting plasma ORAC, and that increasinghe change in plasmatocopherol concentration was found for
consumption of fruit and vegetables from the usual 5 to thegoung but not for old subjects consuming diet A. No correlation
experimental 10 servings/d resulted in a significant increase iwas found for either young or old subjects consuming diet B. In
plasma ORAC. Aerobic life is characterized by a steady formaaddition, the significant increases in plasmaocopherol con-
tion of prooxidants balanced by a similar rate of their consumpeentrations were 1.7-3.4dmol/L, which accounts for only a
tion by antioxidants. To maintain this balance, there is a requiresmall percentage of the significant increases in plasma ORAC,
ment for the continuous supply of antioxidants, and if this is nowhich were 54-95wmol Trolox equivalent/L (the ORAC value
met, oxidative damage accumulates, resulting in pathophysioef a-tocopherol is 1 Trolox equivalent). The observed increases
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in plasmax-tocopherol concentrations in the present study werel'herefore, it was not surprising that the consumption of 2 addi-
attributed to the tocopherol-fortified breakfast cereal in the diettional servings of broccoli from days 6 to 10 had no further
The increase in plasma ORAC also could not be explained bgffect on the plasma ORAC in these subjects.
the increases in plasma carotenoids, although the concentrationslt appears that the study participants maintained their
of plasma lutein, zeaxanthimy-carotene,-carotenes 13-cis- lifestyles and did not change their self-selected diets signifi-
andall-trans-B-carotene), and lycopene8-¢is-, 13<is-, 15-Cis-, cantly during the free-living period (1.5-6 mo) between the first
andall-translycopene) were significantly increased §457%  and second times of residency, because the fasting baseline
in these subjects after the consumption of the high-fruit and plasma ORAC of these subjects was stable over the free-living
vegetable diets (37). The highest plasma concentration of luteiperiod. The lowest and highest fasting baseline plasma ORAC
zeaxanthinp-carotene3-carotenes, and lycopenes measured inseen in some subjects at the first time of residency was observed
these subjects over the two 15-d periods of high-fruit and -vegagain in the same subjects at the second time of residency.
etable consumption were=0.55, 0.055, 0.75, 2.25, and 1.2 In conclusion, we found that the fasting baseline plasma
wmol/L, respectively (37). The ORAC value @-carotene, ORAC of these subjects was significantly correlated with their
which had the highest plasma concentration of the carotenoids thaily estimated intake of total antioxidants from fruit and veg-
this study group, was even lower than tha&egbcopherol (22).  etables during the previous year, and that plasma ORAC can be
Plasma vitamin C was not determined in this study. Thesignificantly increased by making fruit and vegetables more
amount of vitamin C in diet A was 232 mg/d, which was 1.62available in the diet. |
times the mean dietary intake of vitamin C (143 mg/d) in these
subjects during the 4 d before entering the study. The fasting Appreciation is expressed to Christine O’Brien, Kristina Nordensten, and
plasma concentration of this water-soluble antioxidant was noylaureen O’Brien-Morse for their technical assistance; to Jacqueline M
expected to increase substantially after consumption of the higr?_harnlgy fpr developing the diets; to Robert Russell for his medical assistan(‘:e
fruit and -vegetable diet. The fasting plasma concentration of vith monitoring the volgnteer's; and t(? the staff of the Metabphc Research Unit
. . . . at the HNRC for their assistance in the care of the subjects. We gratefully
amin C in healthy hume_m SngeCtS%O_A'O“‘mOVL (45‘ 46)' acknowledge the participation of the volunteers in this study.
Supplementation with vitamin C at 500 mg/d for 2 wk and 2000
mg/d for an additional 2 wk in nonsmoking men and WOMeNREFERENCES
(18-50 y of age) resulted in only a 55% increase in the fastingl
plasma vitamin C concentration (46). Therefore, V|ta_m|n'C may  oview. J Am Diet Assoc 1996:96:1027—39.
contribute to the increased plasma ORAC observed in this study,, ohimeier L, Simonsen N, Mottus K. Dietary modifiers of carcino-
but should not be the main contributor (the ORAC value of  genesis. Environ Health Perspect 1995;103:177—84.
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