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ABSTRACT The leaves and pods of the drumstick tree are used as food and medicine in some Asian and African coun-
tries. Although relatively high concentrations of �-carotene and lutein have been reported in the leaves, the bioavailability of
these carotenoids from this source is unknown. We have analyzed the digestive stability and bioaccessibility of carotenoids
in fresh and lyophilized drumstick leaves using the coupled in vitro digestion/Caco-2 cell model. �-Carotene and lutein were
stable during simulated gastric and small intestinal digestion. The efficiency of micellarization of lutein during the small in-
testinal phase of digestion exceeded that of �-carotene. Addition of peanut oil (5% vol/wt) to the test food increased micel-
larization of both carotenoids, and particularly �-carotene. Caco-2 cells accumulated �-carotene and lutein from micelles gen-
erated during digestion of drumstick leaves in a time- and concentration-dependent manner. The relatively high bioaccessibility
of �-carotene and lutein from drumstick leaves ingested with oil supports the potential use of this plant food for improving
vitamin A nutrition and perhaps delaying the onset of some degenerative diseases such as cataracts.

KEY WORDS: • bioavailability • Caco-2 cells • �-carotene • drumstick leaves • lutein • Moringa oleifera

INTRODUCTION

VITAMIN A DEFICIENCY continues to represent a signifi-
cant public health problem in developing countries, par-

ticularly for children.1,2 For example, it was recently re-
ported that 55% of apparently healthy school-aged children
(6–16 years) in a southern city of India had subclinical vi-
tamin A deficiency based on serum retinol values.3 Although
supplementation with a massive dose of vitamin A has been
used to treat vitamin A-deficient children, the sustainability
of diet-based approaches is preferable. Thus, identification
and popularization of carotenoid-rich foods, food fortifica-
tion, biofortification, and genetically modified varieties of
staple foods enriched in provitamin A and vitamin A repre-
sent potential strategies for the prevention of vitamin A de-
ficiency.4,5

Moringa oleifera, commonly known as the “drumstick”
or “horseradish” tree, is used in traditional Indian medicine
for treating various illnesses. Extracts of drumstick leaves
have been reported to exhibit anticancer, antioxidant, and
anti-inflammatory activities.6–8 The pods and leaves of the
tree are also used in recipes in Southern India. The leaves

are a rich source of essential amino acids, vitamins, and min-
erals.9 Because drumstick leaves also contain relatively high
concentrations of �-carotene, supplementation of drumstick
leaf powder is being considered as a potential source to in-
crease the vitamin A status of children in India.10 However,
the bioavailability of provitamin A carotenoids and xantho-
phylls in drumstick leaves is not known. Carotenoid
bioavailability from plant foods is affected by numerous fac-
tors, including the physicochemical properties of the
carotenoids, food matrix, post-harvest processing, style of
preparation, and composition of the meal, as well as the phe-
notype (nutritional and physiological status) and genotype
of individuals.11 Carotenoid bioavailability in human sub-
jects is generally estimated by monitoring the quantity of in-
gested carotenoids appearing in the triacylglycerol-rich frac-
tion of plasma after feeding test meals.12,13 A more accurate
method for determining the bioavailability of carotenoids
from a meal requires feeding plant foods intrinsically la-
beled with stable isotopes.14,15 However, expenses associ-
ated with instrumentation and technical support, as well as
the labor intensity associated with both methods, limit their
use as tools for screening the impact of diverse styles of
cooking and other components in a meal on the bioavail-
ability of carotenoids.

Here, we investigated the digestive stability, efficiency of
micellarization, and cellular uptake of �-carotene and lutein
in drumstick leaves using the coupled simulated in vitro di-
gestion/Caco-2 cell model. Further, the effect of oil on the
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micellarization of �-carotene and lutein was also studied.
This coupled system has been shown to be a cost-effective
in vitro approach to examine the bioaccessibility of
carotenoids and xanthophylls from foods and meals.16–19

The model consists of two steps. First, test foods are sub-
jected to simulated gastric and small intestinal phases of di-
gestion. Then the fraction containing carotenoids incorpo-
rated into micelles generated during simulated digestion is
added to cultures of enterocyte-like Caco-2 human intesti-
nal cells. Previous studies have shown that Caco-2 cells are
capable of transporting carotenoids across the apical mem-
brane, converting �-carotene to retinol, and secreting
carotenoids and retinyl esters in chylomicrons.17–21

MATERIALS AND METHODS

Chemicals and drumstick leaves

Drumstick leaves were either packed into zip-lock bags
under nitrogen or lyophilized and powdered using a kitchen
blender. Fresh leaves and dried powder contained 76% and
0.9% water by weight, respectively. For preparation of the
puree, fresh drumstick leaves (62 g) were homogenized in
water (150 mL) with a kitchen blender for 7 minutes.
Lyophilized leaf powder and pureed drumstick leaves were
stored at �20°C under a blanket of nitrogen for a maximum
of 2 months.

In vitro digestion

Details of the procedure for simulated gastric and small
intestinal phases of digestion were described previously.16

Digestion reactions (50 mL total volume) contained either
2.0 g of pureed drumstick leaves or 0.5 g of lyophilized
drumstick leaf powder. Either 0 or 100 �L of peanut oil was
added to the drumstick samples before initiation of the gas-
tric phase of digestion. Peanut oil was selected as the lipid
source since it is routinely used for cooking in Southern In-
dia. At the end of the simulated digestion, an aliquot of the
product (i.e., digesta) was centrifuged (model L7–65, Beck-
man, Fullerton, CA) at 167,000 g at 4°C for 30 minutes to
separate the aqueous fraction containing mixed micelles
from nondigested material. The aqueous fraction was fil-
tered (0.22 �m pore size) to remove microcrystalline
carotenoid aggregates and microbial contamination. The fil-
trate was referred to as the micellar fraction. Aliquots of di-
gesta and micellar fraction were stored at �20°C under ni-
trogen and analyzed within 1 week. To study the uptake of
micellarized carotenoids, aliquots of aqueous fraction were
immediately diluted (1:4) in Dulbecco’s modified Eagle’s
basal medium containing 1% nonessential amino acids and
4 mM L-glutamine.

Uptake of micellarized carotenoids by Caco-2 cells

Stock and test cultures of Caco-2 human intestinal cells
(HTB37, American Type Culture Collection, Baltimore,
MD) (passages 28–32) were maintained as previously de-

scribed.16,17 Uptake of �-carotene and lutein from the mi-
cellar fraction generated during in vitro digestion of drum-
stick plus peanut oil was studied using monolayers of Caco-
2 cultures at 11–12 days post-confluency. Monolayers were
washed twice with basal medium at 37°C before addition of
2 mL of Dulbecco’s modified Eagle’s medium containing
25% micellar fraction. At indicated times, the medium was
removed, and monolayers were washed once with ice-cold
phosphate-buffered saline, pH 6.8, containing 2 g/L albu-
min to remove residual carotenoids adhering to the cell sur-
face and twice with cold phosphate-buffered saline only.
Cells were collected, pelleted by centrifugation, and stored
under nitrogen at �80°C for a maximum of 2 weeks before
analysis. To determine stability of micellar carotenoids in
the cell culture incubator, medium containing 25% micellar
fraction was added to culture dishes without cell monolay-
ers and incubated for 4 hours. Samples of medium at 0 and
4 hours were stored under nitrogen at �80°C for a maxi-
mum of 2 weeks before analysis.

Extraction and analysis of carotenoids

Either 2 g of pureed fresh leaves or 0.5 g of lyophilized
leaf powder, 0.4 g of calcium carbonate, and 0.2 g of Celite®

(World Minerals Corp., Santa Barbara, CA; obtained from
Fisher Scientific Co., Fairlawn, NJ) were added to 50 mL
of methanol for analysis of total carotenoids. The mixture
was homogenized for 1 minute, and the methanol-soluble
fraction was separated from insoluble materials by filtration
through Whatman #1 filter paper. The extraction was re-
peated until material on the filter paper was colorless. The
crude methanol extract (200 mL) was saponified by adding
75 mL of 30% KOH in methanol and incubating at room
temperature in the dark with stirring for 45 minutes. Crude
extract was transferred to a separatory funnel, and the
carotenoids were extracted into petroleum ether:acetone (2:1
vol/vol) until no color was observed in the upper organic
phase. The volume of the organic phase was adjusted to 250
mL with hexane in a volumetric flask, and 5-mL aliquots of
the extract were transferred to glass tubes, dried under ni-
trogen, and stored at �20°C.

Frozen samples (1–2 mL) of digesta, micellar fraction,
and medium added to wells without cells were thawed. Sam-
ples were extracted by adding 3.0 mL of petroleum
ether:acetone (2:1 vol/vol) containing 4.5 mmol/L butylated
hydroxytoluene, vortex-mixed for 1 minute, and centrifuged
(2,000 g for 5 minutes) to separate the organic and aqueous
phases. The extraction procedure was repeated a total of
three times, and the petroleum ether fractions were com-
bined and dried at 37°C under nitrogen. The film was res-
olubilized in ethyl acetate:methanol (1:1 vol/vol) and ana-
lyzed immediately. Using apo-8 carotenol as a recovery
standard, extraction efficiency was 90–105%.

Cell pellets were thawed on ice before addition of 1 mL
of phosphate-buffered saline with 10% ethanol containing
4.5 mmol/L butylated hydroxytoluene and sonicated on ice
for 10–15 seconds. After addition of 1 mL of petroleum
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ether:acetone (2:1 vol/vol), carotenoids were extracted as
above.

Carotenoids were separated by high performance liquid
chromatography using a Waters (Milford, MA) model 2695
system equipped with an autosampler injector and a Waters
model 2996 ultraviolet-visible photodiode array detector
controlled by an Empower workstation (Waters). Separation
was carried out using a Vydac 5-�m (particle size) analyt-
ical-scale C18 reversed-phase column (250 mm � 4.6 mm
inside diameter) protected by a 4-�m (particle size) C18
Nova-Pak C18 guard column (20 mm � 3.9 mm, Waters)
at ambient temperature and a flow rate of 1.0 mL/minute.
Carotenoids were eluted from the column using a gradient
with 100% solvent A (98% methanol:2% 1 mol/L ammo-
nium acetate) for 5 minutes, 80% A:20% solvent B (100%
ethyl acetate) from 5 to 25 minutes, and 100% A from 25
to 30 minutes. Carotenoids were identified and quantified

by comparing retention times, spectral profiles, and peak ar-
eas with pure standards.

Protein assay

The protein content of cell samples was determined by
the bicinchoninic acid assay (Pierce Chemical Co., Rock-
ford, IL) with bovine serum albumin as a standard.

Statistical analysis of data

Data were analyzed using SPSS version 7.0 (SPSS,
Chicago, IL). Descriptive statistics including mean and SD
were calculated for the stability and efficiency of micellar-
ization of carotenoids from digested foods, the stability of
micellarized carotenoids in cell culture medium, and the up-
take of carotenoids by Caco-2 cells. Means were compared
using one-way analysis of variance followed by least sig-
nificant differences test. The time-dependent accumulation
of carotenoids was analyzed by paired t tests. Differences
were considered significant at P � .05. All experiments
were conducted using three independent samples, and each
experiment was repeated at least once to provide a minimum
of six independent observations.

RESULTS

Carotenoid content of drumstick leaves

Carotenoid analysis of pureed drumstick leaves using
high performance liquid chromatography revealed two ma-
jor peaks identified as all-trans-lutein (peak 1) and all-trans-
�-carotene (peak 3) by ultraviolet-visible absorption spec-
tra (Fig. 1). A third peak (peak 4) had a slightly longer
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FIG. 1. Reversed-phase high performance liquid chromatography
analysis of carotenoids in drumstick fresh leaves, powdered leaves,
and digested leaf powder. Carotenoids from fresh, powdered leaves
and digesta were extracted and analyzed as described in Materials and
Methods. Peak identification for representative chromatograms is as
follows: 1, all-trans-lutein; 2, apo-8 carotenol (recovery standard); 3,
all-trans-�-carotene; and 4, unknown. (Inset) Ultraviolet-visible ab-
sorption spectra of lutein (peak 1), �-carotene (peak 3), and peak 4.
AUFS, absorbance units full scale.

FIG. 2. Recovery of �-carotene (BC) and lutein (LUT) from drum-
stick leaves and powder after simulated digestion. Digestive stability
represents the percentage of carotenoids recovered in digesta com-
pared to that in pureed drumstick leaves. Data are mean � SD values
for six independent samples. Means not sharing a common letter above
the columns differ significantly (P � .001).
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retention time than �-carotene. However, it did not exhibit
a typical carotenoid absorption spectrum and was not in-
vestigated further (Fig. 1, inset). The carotenoid profile of
lyophilized leaf powder was similar to that of fresh leaves
with lutein and all-trans-�-carotene as the predominant
peaks (Fig. 1). The concentrations of lutein and �-carotene
in fresh leaves were 418 and 272 mg/kg of dry weight, re-
spectively, and 472 and 166 mg/kg of dry weight in pow-
dered leaves, respectively. The ratio of lutein to �-carotene
(1.7) was lower in fresh leaves than in lyophilized powder
(2.5). Although cis isomers of �-carotene and lutein can
form during storage and processing,22 they were not detected
in extracts of leaf powder or digested leaf powder (Fig. 1).
These data suggest that some �-carotene was degraded dur-
ing preparation of the lyophilized powder.

Digestive stability and micellarization of carotenoids
from drumstick leaves

Digestive stability refers to the recovery of carotenoids
present in the starting material after simulated gastric and
small intestinal phases of digestion. Micellarization repre-
sents the amount of carotenoids present in the filtered aque-
ous (i.e., micellar) fraction. Recovery of �-carotene and
lutein in digesta ranged from 80% to 95% (Fig. 2), with re-
covery of these carotenoids from digested powdered leaves
being greater (P � .001) than from digested fresh leaves.
Efficiency of micellarization of �-carotene was 7% and
3.6% for digested fresh and powdered leaves without added
oil, respectively (Fig. 3A). Partitioning of lutein into mi-
celles during digestion of drumstick leaves without oil was
more efficient, i.e., approximately 30% (Fig. 3B). When
peanut oil (5% vol/wt) was added to drumstick leaves, mi-
cellarization of �-carotene and lutein significantly (P �
.001) increased to 25.2–30.3% and 51.0–54.7%, respectively
(Fig. 3).

Uptake of micellarized carotenoids by Caco-2 cells

Cellular accumulation of both �-carotene and lutein was
proportional to time of incubation (Fig. 4) and the concen-
tration of micellarized carotenoids in medium. The quanti-
ties of �-carotene and lutein accumulated in cells were sig-
nificantly (P � .001) greater after 4 hours than after 2 hours
of incubation. The percentages of �-carotene (34.3 � 3.6%)
and lutein (37.1 � 1.3%) in medium that were accumulated
by the cells during the 4-hour incubation were not signifi-
cantly different (P � .05). Thus, the greater amount of lutein
compared to �-carotene in cells after 2 and 4 hours of in-
cubation reflects the higher concentration of lutein in mi-
celles generated during simulated digestion.
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FIG. 3. Peanut oil increases the micellarization of (A) �-carotene (BC) and (B) lutein (LUT) during simulated digestion of drumstick fresh
leaves and powder. Drumstick fresh leaves or powder was digested in vitro in the absence (�) and presence (�) of 5% (vol:wt) peanut oil. The
efficiency of micellarization represents the percentage of the carotenoid in the test food transferred to the filtered aqueous fraction during simu-
lated digestion. Data are mean � SD values for six samples independently digested. Means not sharing a common letter above the columns dif-
fer significantly (P � .001).

A B

FIG. 4. Uptake of micellarized �-carotene (BC) and lutein (LUT)
from digested powdered drumstick leaves with peanut oil by Caco-2
cells. Differentiated monolayers of Caco-2 cells were incubated with
2 mL of medium containing Dulbecco’s modified Eagle’s medium di-
luted (1:4) with micellar fraction generated during simulated diges-
tion of drumstick leaf powder and not leaves for 2 or 4 hours. Data
are mean � SD values for six independent observations. Means not
sharing a common letter above the columns differ significantly (P �
.001.)



Stability of micellar carotenoids

�-Carotene and lutein in micelles generated during di-
gestion of powdered drumstick leaves were stable in the cell
culture environment with 99% and 89%, respectively, of the
initial quantities recovered after 4 hours of incubation of
medium in cell-free dishes.

DISCUSSION

Our results demonstrate that �-carotene and lutein in fresh
and powdered drumstick leaves are stable during simulated
gastric and small intestinal digestion and that the efficiency
of micellarization of these carotenoids is promoted by the
addition of oil (5%) to the plant food. Furthermore, we con-
firmed that the carotenoids transferred to micelles are bioac-
cessible since they were accumulated by Caco-2 cells in a
time- and concentration-dependent manner.

The lutein and �-carotene content of drumstick leaves an-
alyzed in the present study was similar to that of reported
by Laksminarayana et al.23 In contrast, Nambiar and Se-
shadri24 reported almost a four times greater quantity of 
�-carotene (930 mg/kg of dry weight) in drumstick leaves.
Differences in the �-carotene concentrations of drumstick
leaves between the groups likely reflect variations in loca-
tion where leaves were harvested, season, and post-harvest
processing of the leaves.

Micellarization of carotenoids during digestion is required
for transfer of carotenoids to the brush border membrane of
enterocytes. The extent of transfer of carotenoids from the
food matrix to micelles during simulated digestion is de-
termined by the concentration of the pigments in the fil-
tered aqueous fraction of chyme.16–19 Sunflower oil and red
palm oil have been reported to enhance micellarization of
carotenoids during simulated digestion of green leaves from
a number of plant foods, including amaranth, sweet potato,
pumpkin, and cassava.25 These results suggest that enhanced
micellarization of carotenoids during small intestinal di-
gestion contributed to the fat-mediated stimulation of
carotenoid bioavailability in human subjects.26–28

Increases in serum and hepatic vitamin A have been re-
ported for vitamin A-deficient rats fed diets containing ei-
ther fresh or dehydrated drumstick leaves and peanut oil.24

Our observation that micellarization of �-carotene during
digestion of drumstick leaves is efficient in the presence of
peanut oil provides a likely explanation for increased vita-
min A status in these animals. Moreover, the body weights
of the animals fed with drumstick leaves were higher than
that of rats fed diet with retinyl acetate, suggesting that
drumstick leaves may improve general nutritional status in
addition to vitamin A status.24

Micellarization of lutein was more efficient than �-
carotene during simulated digestion of drumstick leaves.
This also has been observed during in vitro digestion of 
other plant foods and meals containing these two
carotenoids.16–18,29 Lutein is located at the surface of oil
droplets because of the presence of a polar hydroxyl group

on each of the ionone rings, whereas apolar carotenoids such
as �-carotene reside in the core of the lipid droplets.30 This
differential localization of xanthophyll and carotenoids in
oil droplets favors the transfer of lutein to mixed micelles.
Also, lutein in disrupted chloroplasts has the potential to be
transferred directly to micelles without the need for oil
droplets serving as an intermediate reservoir.31 It has been
reported that lutein interferes with the transfer of �-carotene
from oil emulsions to mixed micelles in vitro32 and that xan-
thophylls competitively inhibit the activity of �-carotene
15,15�-oxygenase.33 It is unknown if the ratio of lutein to
�-carotene in drumstick leaves is sufficiently high for such
interactions in vivo.

The absorption of carotenoids and their metabolites such
as retinyl esters requires that they be taken up from micelles
by intestinal epithelial cells, possibly converted to retinyl
esters, and secreted in chylomicrons for delivery to periph-
eral tissues. The bioaccessibility of lutein and �-carotene in
the micellar fraction from digested drumstick leaves was
confirmed by the time- and concentration-dependent accu-
mulation of these carotenoids by Caco-2 cells. Examination
of the bioavailability of �-carotene and lutein in drumstick
leaves in vitamin A-deficient human subjects is merited.

ACKNOWLEDGMENTS

We are grateful for the technical assistance of Becky
Melick, Tianying Huo, and Sagar Thakker. We also appre-
ciate the helpful discussions with Dr. Mario Ferruzzi and
critical reading of the manuscript by Dr. Carolyn Gunther.
This work was supported in part by a short-term overseas
associateship from the Department of Biotechnology, Gov-
ernment of India (R.P.), the Ohio Agriculture Research and
Development Center (M.L.F), and HarvestPlus (M.L.F.).

REFERENCES

1. Feldon K, Bahl S, Bhatnagar P: Wenger J. Severe vitamin A de-
ficiency in India during pulse polio immunization. Indian J Med
Res 2005;122:265–267.

2. Mason J, Bailes A, Beda-Andourou M, Copeland N, Curtis T,
Deitchler M, Foster L, Hensley M, Horjus P, Johnson C, Lloren
T, Mendez A, Munoz M, Rivers J, Vance G: Recent trends in
malnutrition in developing regions: vitamin A deficiency, anemia,
iodine deficiency, and child underweight. Food Nutr Bull 2005;
26:59–108.

3. Sivakumar B, Nair KM, Sreeramulu D, Suryanarayana P, Ravin-
der P, Shatrugna V, Kumar PA, Raghunath M, Vikas RV, Bal-
akrishna N, Kumar PU, Raghuramulu N: Effect of micronutrient
supplement on health and nutritional status of schoolchildren: bio-
chemical status. Nutrition 2006;22(Suppl):S15–S25.

4. Vijayaraghavan K: Control of micronutrient deficiencies in India:
obstacles and strategies. Nutr Rev 2002;60:S73–S76.

5. Potrykus I: Nutritionally enhanced rice to combat malnutrition
disorders of the poor. Nutr Rev 2003;61(Suppl):S101–S104.

6. Ndiaye M, Dieye AM, Mariko F, Tall A, Sall DA, Faye B: Con-
tribution to the study of the anti-inflammatory activity of Moringa
oleifera (Moringaceae). Dakar Med 2002;47:210–212.

256 PULLAKHANDAM AND FAILLA



7. Aruna K, Sivaramakrishnan VM: Anticarcinogenic effects of some
Indian plant products. Food Chem Toxicol 1992;30:953–956.

8. Siddhuraju P, Becker K: Antioxidant properties of various sol-
vent extracts of total phenolic constituents from three different
agroclimatic origins of drumstick tree (Moringa oleifera Lam.)
leaves. J Agric Food Chem 2003;51:2144–2155.

9. Seshadri S, Nambiar VS: Kanjero (Digera arvensis) and drum-
stick leaves (Moringa oleifera): nutrient profile and potential for
human consumption. World Rev Nutr Diet 2003;91:41–59.

10. Nambiar VS, Bhadalkar K, Daxini M: Drumstick leaves as source
of vitamin A in ICDS-SFP. Indian J Pediatr 2003;70:383–387.

11. Castenmiller JJM, West CE: Bioavailability and bioconversion of
carotenoids. Annu Rev Nutr 1998;18:19–38.

12. Van Vliet T, Schreurs WHP, Vanden Berg H: Intestinal �-
carotene absorption and cleavage in men: response of �-carotene
and retinyl esters in the triglyceride-rich lipoprotein fraction af-
ter a single oral dose of �-carotene. Am J Clin Nutr 1995;62:110–
116.

13. Parker RS, Swanson JE, You C, Edwards J, Huang T: Bioavail-
ability of carotenoids in human subjects. Proc Nutr Soc 1999;58:
155–162.

14. Van Lieshout M, West CE, Van Breemen RB: Isotopic tracer tech-
niques for studying the bioavailability and bioefficacy of dietary
carotenoids, particularly �-carotene, in humans: a review. Am J
Clin Nutr 2003;77:12–28.

15. Burri BJ, Clifford AJ: Carotenoid and retinoid metabolism: in-
sights from isotope studies. Arch Biochem Biophys 2004;430:110–
119.

16. Garrett DA, Failla ML, Sarama RJ: Development of an in vitro
digestion model for estimating the bioavailability of carotenoids
from meals. J Agric Food Chem 1999;47:4301–4309.

17. Ferruzzi MG, Failla ML, Schwartz SJ: Assessment of degrada-
tion and intestinal cell uptake of carotenoids and chlorophyll de-
rivatives from spinach puree using an in vitro digestion and Caco-
2 human cell model. J Agric Food Chem 2001;49:2082–2089.

18. Chitchumroonchokchai C, Schwartz SJ, Failla ML: Assessment
of lutein bioavailability from meals and a supplement using sim-
ulated digestion and Caco-2 human intestinal cells. J Nutr
2004;134:2280–2286.

19. Chitchumroonchokchai C, Failla ML: Hydrolysis of zeaxanthin
esters by carboxyl ester lipase during digestion facilitates micel-
larization and uptake of zeaxanthin by Caco-2 human intestinal
cells. J Nutr 2006;136:588–594.

20. During A, Albaugh G, Smith JC: Characterization of �-carotene
15,15�-dioxygenase activity in TC7 clone of human intestinal cell
line Caco-2. Biochem Biophys Res Commun 1998;249:467–474.

21. During A, Hussain, MM, Morel DW, Harrison EH: Carotenoid
uptake and secretion by Caco-2 cells: �-carotene isomer selec-
tively and carotenoid interactions. J Lipid Res 2002;43:1086–
1095.

22. Simpson KL: Chemical changes in natural food pigments. In:
Chemical Changes in Food During Processing (Richardson T,
Finley JW, eds.), AVI Publishing, Westport, CT, 1985, pp.
409–441.

23. Lakshminarayana R, Raju M, Krishnakantha TP, Baskaran V: De-
termination of major carotenoids in a few Indian leafy vegetables
by high-performance liquid chromatography. J Agric Food Chem
2005;53:2838–2842.

24. Nambiar VS, Seshadri S: Bioavailability trials of �-carotene from
fresh and dehydrated drumstick leaves (Moringa oleifera) in a rat
model. Plant Foods Hum Nutr 2001;56:83–95.

25. Hedren E, Mulokozi G, Svanberg U: In vitro accessibility of
carotenes from green leafy vegetables cooked with sunflower oil
or red palm oil. Int J Food Sci Nutr 2002;53:445–453.

26. Ribaya-Mercado J: Influence of dietary fat on �-carotene ab-
sorption and bioconversion into vitamin A. Nutr Rev 2002;60:
104–110.

27. Brown MJ, Ferruzzi MG, Nguyen ML, Cooper DA, Eldridge AL,
Schwartz SJ, White WS: Carotenoid bioavailability is higher from
salads ingested with full-fat than with fat-reduced salad dressings
as measured with electrochemical detection. Am J Clin Nutr
2004;80:396–403.

28. Unlu NZ, Bohn T, Clinton SK, Schwartz SJ: Carotenoid absorp-
tion from salad and salsa by humans is enhanced by the addition
of avocado or avocado oil. J Nutr 2005;135:431–436.

29. Garrett DA, Failla ML, Sarama RJ: Estimation of carotenoid
bioavailability from fresh stir-fried vegetables using an in vitro
digestion/Caco-2 cell model. J Nutr Biochem 2000;11:574–580.

30. Borel P, Grolier P, Armand M, Partier A, Lafont H, Lairon D,
Azais-Braesco V: Carotenoids in biological emulsions: solubility,
surface-to-core distribution, and release from lipid droplets. J
Lipid Res 1996;37:250–261.

31. Rich GT, Faulks RM, Wickham MS, Fillery-Travis A: Solubi-
lization of carotenoids from carrot juice and spinach in lipid phase:
II. Modeling the duodenal environment. Lipids 2003;38:947–
956.

32. Tyssandier V, Lyan B, Borel P: Main factors governing the trans-
fer of carotenoids from emulsion lipid droplets to micelles.
Biochim Biophys Acta 2001;1533:285–292.

33. Ershov YV, Bykhovsky VY, Dmitrovskii AA: Stabilization and
competitive inhibition of �-carotene 15,15�-dioxygenase by
carotenoids. Biochem Mol Biol Int 1995;34:755–763.

BIOACCESSIBILITY OF CAROTENOIDS IN DRUMSTICK 257



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Web Coated \050Ad\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
    /ACaslon-AltBold
    /ACaslon-AltBoldItalic
    /ACaslon-AltItalic
    /ACaslon-AltRegular
    /ACaslon-AltSemibold
    /ACaslon-AltSemiboldItalic
    /ACaslon-Bold
    /ACaslon-BoldItalic
    /ACaslon-Italic
    /ACaslon-Ornaments
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /ACaslon-SwashBoldItalic
    /ACaslon-SwashItalic
    /ACaslon-SwashSemiboldItalic
    /ACaslonExp-Bold
    /ACaslonExp-BoldItalic
    /ACaslonExp-Italic
    /ACaslonExp-Regular
    /ACaslonExp-Semibold
    /ACaslonExp-SemiboldItalic
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /ATTorino-Bold
    /ATTorino-Condensed
    /Americana
    /Americana-Bold
    /Americana-ExtraBold
    /Americana-Italic
    /AmericanaBT-Bold
    /AmericanaBT-ExtraBold
    /AmericanaBT-ExtraBoldCondensed
    /AmericanaBT-Italic
    /AmericanaBT-Roman
    /AvantGarde-Bold
    /AvantGarde-BoldObl
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-CondBold
    /AvantGarde-CondBook
    /AvantGarde-CondDemi
    /AvantGarde-CondMedium
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGarde-ExtraLight
    /AvantGarde-ExtraLightObl
    /AvantGarde-Mdm
    /AvantGarde-Medium
    /AvantGarde-MediumObl
    /BauerBodoni-Black
    /BauerBodoni-BlackCond
    /BauerBodoni-BlackItalic
    /BauerBodoni-Bold
    /BauerBodoni-BoldCond
    /BauerBodoni-BoldItalic
    /BauerBodoni-Italic
    /BauerBodoni-Roman
    /Belwe-Bold
    /Belwe-Condensed
    /Belwe-Light
    /Belwe-Medium
    /BelweT-LighItal
    /Berkeley-Black
    /Berkeley-BlackItalic
    /Berkeley-Bold
    /Berkeley-BoldItalic
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /BiffoMT
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldCondensed
    /Bodoni-BoldItalic
    /Bodoni-Book
    /Bodoni-BookItalic
    /Bodoni-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /Bodoni-PosterItalic
    /Bookman-Bold
    /Bookman-BoldItalic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /Bookman-Medium
    /Bookman-MediumItalic
    /BorderPi-OneFiveOneFiveNine
    /BrushScript
    /Carta
    /CaslonTwoTwentyFour-Black
    /CaslonTwoTwentyFour-BlackIt
    /CaslonTwoTwentyFour-Bold
    /CaslonTwoTwentyFour-BoldIt
    /CaslonTwoTwentyFour-Book
    /CaslonTwoTwentyFour-BookIt
    /CaslonTwoTwentyFour-Medium
    /CaslonTwoTwentyFour-MediumIt
    /Century-Bold
    /Century-BoldCond-DTC
    /Century-BoldCondItalic-DTC
    /Century-BoldCondensed
    /Century-BoldCondensedItalic
    /Century-BoldItalic
    /Century-Book
    /Century-BookCond-DTC
    /Century-BookCondItalic-DTC
    /Century-BookCondensed
    /Century-BookCondensedItalic
    /Century-BookItalic
    /Century-Light
    /Century-LightCond-DTC
    /Century-LightCondIta-DTC
    /Century-LightCondensed
    /Century-LightCondensedItalic
    /Century-LightItalic
    /Century-Ultra
    /Century-UltraCond-DTC
    /Century-UltraCondIta-DTC
    /Century-UltraCondensed
    /Century-UltraCondensedItalic
    /Century-UltraItalic
    /Century751BT-ItalicB
    /Century751BT-RomanB
    /CenturyExpanded
    /CenturyExpanded-Italic
    /CenturyExpandedBT-Bold
    /CenturyExpandedBT-BoldItalic
    /CenturyExpandedBT-Italic
    /CenturyExpandedBT-Roman
    /CenturyOldStyle-Bold
    /CenturyOldStyle-Italic
    /CenturyOldStyle-Regular
    /CgTorinoOutline
    /Cheltenham-Bold
    /Cheltenham-BoldCond
    /Cheltenham-BoldItalic
    /Cheltenham-Book
    /Cheltenham-BookCond
    /Cheltenham-BookCondItalic
    /Cheltenham-BookItalic
    /Cheltenham-Light
    /Cheltenham-LightCond
    /Cheltenham-LightCondItalic
    /Cheltenham-LightItalic
    /Cheltenham-Ultra
    /Cheltenham-UltraItalic
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Light
    /ClarendonBT-BoldCondensed
    /ClarendonBT-RomanCondensed
    /CompactaBoldPlain
    /CompactaItalicPlain
    /CompactaOnlShaD-ReguItal
    /CooperBlack
    /CooperBlack-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /DINEngschrift-Alternate
    /EdwardianScriptITC
    /ElectraLH-Bold
    /ElectraLH-Cursive
    /ElectraLH-Regular
    /Fenice-Bold
    /Fenice-BoldOblique
    /Fenice-Light
    /Fenice-LightOblique
    /Fenice-Regular
    /Fenice-RegularOblique
    /Fenice-Ultra
    /Fenice-UltraOblique
    /FranklinGothic-Book
    /FranklinGothic-BookOblique
    /FranklinGothic-Condensed
    /FranklinGothic-CondensedOblique
    /FranklinGothic-Demi
    /FranklinGothic-DemiOblique
    /FranklinGothic-ExampleNumber
    /FranklinGothic-ExtraCond
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyOblique
    /FranklinGothic-Roman
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /Futura-CondExtraBoldObl
    /Futura-Condensed
    /Futura-CondensedBold
    /Futura-CondensedBoldOblique
    /Futura-CondensedExtraBold
    /Futura-CondensedLight
    /Futura-CondensedLightOblique
    /Futura-CondensedOblique
    /Futura-Heavy
    /Futura-HeavyOblique
    /Futura-Light
    /Futura-LightOblique
    /Futura-Mdm
    /Futura-MdmCnd
    /Futura-MdmCndItl
    /Futura-MdmItl
    /Futura-Oblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /FuturaBoldModified
    /FuturaBoldObliqueModified
    /FuturaEF-DemiBold
    /FuturaEF-DemiBoldObl
    /FuturaModified
    /FuturaObliqueModified
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-Book
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-BookItalic
    /Garamond-Light
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightItalic
    /Garamond-Ultra
    /Garamond-UltraCondensed
    /Garamond-UltraCondensedItalic
    /Garamond-UltraItalic
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldExtraCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-ExtraBold-ScholasticLg
    /GillSans-ExtraBold-ScholasticSm
    /GillSans-ExtraBoldDisplay
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSans-LightShadowed
    /GillSans-Shadowed
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GillSansExtraBoldItalic
    /GillSansUltraBoldItalic
    /Giovanni-Black
    /Giovanni-BlackItalic
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-Book
    /Giovanni-BookItalic
    /Glypha
    /Glypha-Bold
    /Glypha-BoldOblique
    /Glypha-Oblique
    /Goldwater
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /Goudy-BoldItalicOsF
    /Goudy-BoldOsF
    /Goudy-ExtraBold
    /Goudy-Heavyface
    /Goudy-HeavyfaceItalic
    /Goudy-Italic
    /Goudy-ItalicOsF
    /Goudy-SC
    /GoudyCatalog-Itl
    /GoudyCatalog-Rgl
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Compressed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-ExtraCompressed
    /Helvetica-LightOblique
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Oblique
    /Helvetica-UltraCompressed
    /Humanist521BT-Roman
    /Industria-Inline
    /Industria-InlineA
    /Industria-Solid
    /Industria-SolidA
    /ItcEras-Bold
    /ItcEras-Book
    /ItcEras-Demi
    /ItcEras-Light
    /ItcEras-Medium
    /ItcEras-Ultra
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /Kaufmann
    /Kaufmann-Bold
    /Linoscript
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaSans
    /LucidaSans-Bold
    /LucidaSans-Italic
    /Machine
    /MediciScript
    /Minion-Black
    /Minion-Bold
    /Minion-BoldItalic
    /Minion-DisplayItalic
    /Minion-DisplayRegular
    /Minion-Italic
    /Minion-Ornaments
    /Minion-Regular
    /Minion-Semibold
    /Minion-SemiboldItalic
    /Minion-SwashDisplayItalic
    /Minion-SwashItalic
    /Minion-SwashSemiboldItalic
    /MinionExp-Black
    /MinionExp-Bold
    /MinionExp-BoldItalic
    /MinionExp-DisplayItalic
    /MinionExp-DisplayRegular
    /MinionExp-Italic
    /MinionExp-Regular
    /MinionExp-Semibold
    /MinionExp-SemiboldItalic
    /Modern735BT-RomanA
    /Modern880BT-Bold
    /Modern880BT-Italic
    /Modern880BT-Roman
    /NewBaskerville-Black
    /NewBaskerville-BlackItalic
    /NewBaskerville-Bold
    /NewBaskerville-BoldItalic
    /NewBaskerville-BoldItalicOsF
    /NewBaskerville-BoldSC
    /NewBaskerville-Italic
    /NewBaskerville-ItalicOsF
    /NewBaskerville-Roman
    /NewBaskerville-SC
    /NewBaskerville-SemiBold
    /NewBaskerville-SemiBoldIta
    /NewCaledonia-Black
    /NewCaledonia-BlackItalic
    /NewCaledonia-Bold
    /NewCaledonia-BoldItalic
    /NewCaledonia-BoldItalicOsF
    /NewCaledonia-BoldSC
    /NewCaledonia-Italic
    /NewCaledonia-ItalicOsF
    /NewCaledonia-SC
    /NewCaledonia-SemiBold
    /NewCaledonia-SemiBoldItalic
    /Nofret-Bold
    /Nofret-BoldItalic
    /Nofret-Italic
    /Nofret-Light
    /Nofret-LightItalic
    /Nofret-Medium
    /Nofret-MediumItalic
    /Nofret-Regular
    /Novarese-Bold
    /Novarese-BoldItalic
    /Novarese-Book
    /Novarese-BookItalic
    /Novarese-Medium
    /Novarese-MediumItalic
    /Novarese-Ultra
    /OCRA
    /OCRB
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OnyxMT
    /Optima
    /Optima-Bold
    /Optima-BoldOblique
    /Optima-Oblique
    /PalaceScriptMT
    /PalaceScriptMT-SemiBold
    /Palatino-Black
    /Palatino-BlackItalic
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-BoldItalicOsF
    /Palatino-BoldOsF
    /Palatino-Italic
    /Palatino-ItalicOsF
    /Palatino-Light
    /Palatino-LightItalic
    /Palatino-Medium
    /Palatino-MediumItalic
    /Palatino-Roman
    /Revival565BT-Bold
    /Revival565BT-BoldItalic
    /Revival565BT-Italic
    /Revival565BT-Roman
    /RomanaBT-Bold
    /RomanaBT-Roman
    /Sabon-Bold
    /Sabon-BoldItalic
    /Sabon-BoldItalicOsF
    /Sabon-BoldOsF
    /Sabon-Italic
    /Sabon-ItalicOsF
    /Sabon-Roman
    /Sabon-RomanSC
    /SmileyFace
    /Sonata
    /StoneInformal
    /StoneInformal-Bold
    /StoneInformal-BoldItalic
    /StoneInformal-Italic
    /StoneInformal-Semibold
    /StoneInformal-SemiboldItalic
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /StoneSerif
    /StoneSerif-Bold
    /StoneSerif-BoldItalic
    /StoneSerif-Italic
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /StoneSerifTn4
    /Syntax-Black
    /Syntax-Bold
    /Syntax-Italic
    /Syntax-Roman
    /Syntax-UltraBlack
    /Techno
    /TimelessCyrillic-Bold
    /TimelessCyrillic-Light
    /TimelessCyrillic-LightIta
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /Times-PhoneticAlternate
    /Times-PhoneticIPA
    /Times-Roman
    /Times-RomanSC
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesEuropa-Bold
    /TimesEuropa-BoldItalic
    /TimesEuropa-Italic
    /TimesEuropa-Roman
    /TimesNewRomanMT-BoldCond
    /TimesNewRomanMT-Cond
    /TimesNewRomanMT-CondItalic
    /TimesNewRomanPS
    /TimesNewRomanPS-Bold
    /TimesNewRomanPS-BoldItalic
    /TimesNewRomanPS-Italic
    /ToonRoman
    /TorinoModern-Bold
    /TorinoModern-BoldItalic
    /TorinoModern-Italic
    /TorinoModern-Roman
    /Trajan-Bold
    /Trajan-Regular
    /Univers
    /Univers-Black
    /Univers-BlackExt
    /Univers-BlackExtObl
    /Univers-BlackOblique
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedLight
    /Univers-CondensedLightOblique
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-ExtraBlack
    /Univers-ExtraBlackExt
    /Univers-ExtraBlackExtObl
    /Univers-ExtraBlackObl
    /Univers-LightOblique
    /Univers-LightUltraCondensed
    /Univers-Oblique
    /UniversityRoman
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents for RR Donnelley Book plants. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


