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/Abstract

matrix effects mostly evident in the pulp rich apples

In order to test matrix effects on the g.i. absorption and bioavailability of Polyphenolics from apple processing products
a single oral dose of raw apples, apple juice and freeze dried juice extract of the same cultivar and harvest season adjusted to
equivalent antioxidant activity (TEAC test)were administered in a human study to 12 probands in cross over design. In regular
intervals the concentration pattern of single phenolics as well as antioxidant values were analyzed in plasma and urinary excretion.
In apples highest contents of p-coumaroylquinic acid were found whereas in juice and juice extract chlorogenic acid dominated.
The plasmatic antioxidant capacity, tested by using the TEAC assay, reached C___values 1 hour after intake and declined within
the following 4 to Shours. No significant differences existed in the plasmatic TEAC values or in the phenolics content between
the apple products. In contrast to plasma, the excretion of phenolics after apple juice extract exceeded the values after apples and
juice intake when related to equivalent antioxidant doses, with p-coumaroylquinic acid and dihydrochalcones as most dominating
single phenolics. The excretion pattern ranges from 8 % up to 36 % suggesting an impaired absorption of polyphones due to
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Introduction

The health protective potential of plant phenolics is
generally accepted. The natural composition of polyphenolics
within fruits and fruit products is to be considered as an optimal
combination of synergistically active antioxidants with health
protective properties. [1-4]. Bioavailability and bioactivity as well
as metabolism of polyphenolic subgroups are, however, matter
of intensive studies since years. Extensive data on absorption
and metabolism wiredrawn for flavonoids such as quercetin,
anthocyanins and the catechism [5-11]. For quercetin, an active
absorption mechanism could be revealed with partial participation
of the sodium dependent glucose co transporter SGLT1 and the

intestinal lactase-phlorrhidzin hydrolase as well. This may also be
apply to anthocyanins [7,8,11]. The uptake of phenol carbonic acids
from the intestine uses likewise a sodium dependent mechanism,
as could be shown at least in animal experiments [12-14].

The antioxidative potential is the predominant and verifiable
effect of polyphenolics and is suitable as biomarker for testing
their bioactivity in vitro and in vivo [15]. Nevertheless, the
bioavailability and-activity of plant phenolics was up to now
predominantly tested with single substances, isolated from
plant material [5-7,10]. Sparse information exists to date on the
interference with matrix effects of the special plant food. Relevant
differences may arise when fruits and vegetables were processed
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to juices, concerning the transfer as well as the availability of these
phenolics for man. Persons with impaired digestibility, as e.g. the
growing group of elderly persons, will prefer fruit juices in order
to comply with the recommendation soft health claims for fruit and
vegetable consumption. In order to evaluate those matrix effects
we have compared the availability and -activity of phenol carbonic
acids as the predominating phenol compounds from raw apples,
apple juice and apple juice extract. Apple juice is the most popular
fruit juice in Germany and dominates the worldwide consumption
with 33 1 per capita, followed by the Netherlands and the USA
[21].

Materials and methods

Test objects were apples, cultivar “RoterBoskop”, rich in
polyphenolics which were processed to juice as well as to juice
extract. Ina human study with 12 volunteers (10 9,2 &) a single oral
dose of apples, apple juice and juice extract adjusted to equivalent
antioxidant activity (TEAC-test) was administered after a 12-hour
fasting in cross over design. Study design and anthropometric data
are shown in (Figure 1) and (Table 1).

— Ingestion of apples (500 gl apple juice (P00 mil) or juice
extract (1 g) together with

— standardized meal in a

— standardized cross-over design

— 2 week wash oLt

fasting o.s11.5 2 =

— Plasma
- - = Lrin

Figure 1: Study design.

T n=10

Test products dose administered TEAC-value (mmol
dose)
apples 500 g 4,93
Apple juice 700 ml 4,71
Apple juice extract lg 4,80

Table 2: Antioxidant capacity of apples, apple juice and apple juice
extract(mmole trolox equiv./applied dose).

Results

In apples highest contents of p-coumaroylquinic acid
were found whereas in juice and juice extract chlorogenic acid
dominated (Table 3).

mg/ dose applied
. Apple
polyphenolics apples Apple juice jé)il::e
extract
Chlorogenic acid 21,50 50,54 93,59
Caffeic acid 31,35 | ----- 6,71
4-p-coumaroyl quinic acid 107,43 16,04 28,61
phloretin-2-xylosylglucosid 29,95 9,92 18,91
phloridzin 68,27 14,24 32,01

Table 3: Concentration of phenolics in apple products.

The plasmatic antioxidant capacity tested by using the
TEAC assay increased initially reaching ¢ ___values at about 1 hour
after ingestion of the test products and declined slowly within the
following 4 to 5 hours. Only apple intake inclined to enhanced but
not significant antioxidant AUC-values of the plasma compared to

juice and extract when adjusted to ascorbic and uric acid level.

Likewise no differences could be detected in the plasmatic
content of polyphenolics after ingestion of the test products,
despite in apples highest contents per applied dosage were found,
independent of the antioxidant activity (Table 4 and 5).

3

age ears)

range: 21-25 (@ 23.4)

BrL (kg/m2)

17,5-23,8 (& 20,7)

healtty mn=1z

ror-smokear n=12

Tablel: Anthropometric data of volunteers.

In regular intervals up to 24 hours after intake blood and
urinary samples were withdrawn. In plasma samples, withdrawn
in regular intervals up to 10 hours after intake, and, additionally,
in urine samples collected for 24 hours after ingestion, the
antioxidant capacity was assessed by using the TEAC-assay as
well as the content of polyphenolics and content and pattern of
single phenolics in 24 hours urine excretion according to [16-20]
(Table 2).

AUC (uM applied dose AUC (GaEq/l
Test products (mg GaEq/ x h) total
h) TEAC .

dose) phenolics

apples 1040 = 680 59 666 + 774

Apple juice 410 + 790 428 616+ 832

Apple juice 620 + 720 410 667 + 758
extract

Table 4: Plasma content of the antioxidant activity (TEAC value) and
total phenolics(adjusted to ascorbic and uric acid levels).

Contrasting to plasma, the urinary excretion of total
phenolics after ingestion of apple juice extract reached more than
twice the excreted content of apples and apple juice. Particularly,
p-coumaroylquinic acid and dihydrochalcones dominated in the
urinary excretion. Nevertheless, in the antioxidant potential of
urinary excretion after apple juice extract intake only a slight but
not significant increase was visible by TEAC assay (Table 5).
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applied TEAC
Testproducts PP . activityin 24 h
dose(mmoletroloxequiv.) . .
urinaryexcretion
apples 493 2,76 £ 1,02
Apple juice 4,71 2,95+ 1,39
Apple juice 4,80 3,51+1,53
extract

Table 5: Antioxidant activity (TEAC) in urinary excretion (mmoleTrolox
equiv./24h, adjusted to ascorbic and uric acid excretion).

Discussion

National and international boards recommend regular daily
consumption of fruits and vegetables, culminating in the ,,Five —a
- day“‘campaign, corresponding to the postulated health claims for
fruits and vegetables [21]. Bioavailability of antioxidants from food
matrices is a precondition for their potential bioactivity in vivo. The
bioavailability of orally administered plant phenolics, however, is
limited as was estimated from several human studies finding only
low plasma levels [5,6,8-10]. It is, however, also conceivable that
the low plasmatic concentration of phenolics might be founded by
inadequate analytical methods of detection, as was suggested by
some authors [7]. Matter of discussion is furthermore the extent
of metabolism inside the body and the proportion of metabolites
being urinary excreted. Besides the orally given doses may, on the
other hand, several matrix components affect the bioavailability
and in the following the potential biological efficacy. Lotito and
Frey postulated that an increase of the antioxidant potential in
plasma after apple consume could be the result of the enhanced
uric acid being metabolically formed from the fructose content of
the apples [22]. In order to eliminate possible interferences with
physiological antioxidants the antioxidant values in plasma and
urine war adjusted to ascorbic and uric acid levels. The plasmatic
antioxidant activity tested by TEAC assay increased initially
after ingestion of the apple processing products enhancing so the
bioactivity of apple polyphenolics (not shown). Even though some
trends were visible, no significant differences could be detected
in the plasmatic antioxidant capacity or in the polyphenolics
content of plasma after ingestion of the apple products (Table 4).
Obviously, the half life time of unchanged plant phenolics in the
plasma is rather short and those will rapidly be removed via urinary
excretion, because no differences could be detected neither in the
AUC of tested phenolics in plasma nor in its antioxidant potential
by TEAC. Eight hours after intake phenolics from plasma had
been eliminated and couldn’t be detected.

The urinary excretion of unchanged flavonoles (quercetin
e.g.) and flavanoles (catechin group) ranged from 1 % up to 36 %
the given dose, as was previously found by several authors [5-7,10].
This is in accordance to our results. The polyphenols excretion of
the apple products ranged from 8 % (apples) up to 36 % (extract)

the administered dosage (Table 3 and 6). Such an excretion
pattern of polyphenolics from apple processing products suggests
impaired polyphenols absorption and following the excretion
which is mostly evident in the pulp rich apples and least effective
in the matrix free extract. The urinary excretion of single phenolics
reveals p-coumaroylquinic acid as the main compound in all tested
products, followed by caffeic acid in apples and apple juice (Table 6).

mg/24 h
Phenolics
Apples Applejuice | Applejuiceextract
Chlorogenic 0,93+0,60 | 1,10+0,88 1,46 0,75
acid
Caffeic acid 2,99+0,95 | 2,29+0,72 3,72+ 1,61
Vanillic acid 0984025 | 1,25+0,65 0,63 + 0,78
4-p-coumaroyl | 15 00 550 | 13054501 | 28.63+ 1429
quinic acid
phloretin 2,12+036 | 1,97£1,03 18,20 + 4,42
glucuronid

Table 6: 24 h urinary excretion of single polyphenolics after intake of
apple, apple juice and apple juice extract.

Coumaroylquinic acid seems to be either well bioavailable
or poorly metabolized. Caffeic acid, though not detectable in the
juice, may be generated from chlorogenic acid hydrolysis during
processing or intestinally. Both acids were found in minor contents
in juice and extract (Table 3). Itis conceivable that these compounds
could be more rapidly decomposed by polyphenoloxidases
because of their more special affinity to hydroxycinnamic acids as
described by Guyot et al. [23]. The obviously enhanced availability
of dihydrochalcones from the extract compared to apples and
juice may point out to specific matrix effects. In apples, phloretin
derivatives are tightly bound on cellular components. These are
scarcely soluble in water and so the transfer into the juice is low.
Only in the matrix free extract these are much better absorbable.

Conclusion

This small study demonstrates that polyphenolic subgroups
such as hydroxycinnamic acids from apple species are best
available from processing products such as juice and freeze-dried
juice extract free of cellular components. After intestinal absorption
hydroxycinnamic acids were rapidly removed from plasma via
urinary excretion, revealing 4-p-coumaroylquinic acid and caffeic
acid as most prominent acids excreted.

References

1. Steinmetz KA, Potter JD (1996) Vegetables, fruit, and cancer preven-
tion: a review. J Am Diet Assoc 96: 1027-1032.

2. Prior R (2003) Fruits and vegetables in the prevention of cellular oxida-
tive damage. Am J Clin Nutr 78: 570S-578S.

Volume 2018; Issue 02


https://www.ncbi.nlm.nih.gov/pubmed/8841165
https://www.ncbi.nlm.nih.gov/pubmed/8841165
https://www.ncbi.nlm.nih.gov/pubmed/12936951
https://www.ncbi.nlm.nih.gov/pubmed/12936951

Citation: Bitsch R, Netzel M, Netzel G, Ruhlig K, Dietrich H, et al. (2018) Bioavailability and Bioactivity of Characteristic Phenolics from Apple Products. Int J Biode-
grad Bioremediat: [JBB-108. DOI:10.29011/1JBB-108/100008.

10.

1.

12.

13.

Mei-Lin Tsai, Cai-Di Lin, Keh Ai Khoo, Mei-Ying Wang, Kuan TK et al.
(2017) Composition and Bioactivity of Essential Oil from Citrus grandis
(L.) Osbeck "MatoPeiyu Leaf. Molecules 22: 2145.

JavadSharifi-Rad, BahareSalehi, Elena Maria Varoni, FarukhSharop-
ov et al. (2017) Plants of the Melaleuca Gnus as Antimicrobial Agents:
From Farm to Pharmacy. Phytotherapy Research 31: 1475-1494.

Graefe EU, Derendorf H,Veit M (1999) Pharmacokinetics and bio-
availability of the flavovol quercetin in humans. Int J Clin Pharmacol
Therapy 37: 219-233.

Hollman PC, van der Gaag M, Mengelers MJ, van Trijp JM, de Vries
JH, et al. (1996) Absorption and disposition kinetics of the dietary anti-
oxidant quercetin in man. Free Radical Biol.Med 21: 703-707.

Manach C, Williamson G, Morand Ch, Scalbert A, RémésyCh (2005)
Bioavailability and bioefficacy of polyphenols in humans. | Review of
97 bioavailability studies. Am.J.Clin.Nutr 81: 230S-242S.

Bitsch R, Netzel M, Carle R, Strass G, Kesenheimer B, et al. (2001b)
Bioavailabilty of antioxidative compounds from Brettacher apple juice
in humans Innovative Food Science & Emerging Technologies 1: 245-
249.

Scalbert A, Williamson G (2000) Dietary intake and bioavailability of
polyphenols. J.Nutr 130: 2073S-2085S.

Williamson G, Manach C (2005) Bioavailability and bioefficacy of poly-
phenols in humans Il. Review of 93 intervention studies G, and Bitsch
I. Am.J.Clin.Nutr 81: 243S-2558S.

Bitsch R, Netzel M, Frank T, Strass, Bitsch | (2004) Bioavailability
and biokinetics of anthocyanins from Red Grape juice and Red Wine.
J.Biomed.Biotechnol 5: 293-298

Day AJ, Canada FJ, Diaz JC, Diaz JC, Kroon PA, et al. (2000) Dietary
flavonoid and isoflavone glycosides are hydrolysed by the lactase site
of Lactase phloridzinhydrolyse. FEBS Lett 468: 166-170.

Németh K1, Plumb GW, Berrin JG, Juge N, Jacob R, et al. (2003)
Deglycosylation by small intestinal epithelial cell B-glycosidases is a
critical step in the absorption and metabolism of dietary flavonoid gly-
cosides in humans Eur.J.Nutr. 42: 29-42.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Ferraris RP (2001) Dietary and developmental regulation of intestinal
sugar transport. Biochem.J. 360: 265-276.

JavadSharifi-Rad, SeyedAbdulmajidAyatollahi, Elena M. Varoni, Ba-
hareSalehi et al. (2017) Chemical Composition and Functional Prop-
erties of Essential Oils from Neppeta Schiraziana Biss. Farmacia 65:
802-812.

Re R, Pellegrini N, Protegente A, Pannala A, Yang M, et al. (1999)
Antioxidant activity applying an improved ABTS radical cat iondecolo-
nization assay. Free Radial Biol.Med 26: 1231-1237.

Singleton VL, Rossi JA (1965) Colorimetry of total phenolics with
phosphomolybdic-phosphotungstic acid reagent. Amer JEnolVitic 16:
144-158.

Serafini M, Maiani G, Ferro-Luzzi A (1998) Alcohol-free red wine en-
hances plasma antioxidant capacity in humans. J.Nutr 128: 1003-
1007.

Netzel ME, Strass G, Herbst M, Dietrich H, Bitsch R, et al. (2005) The
excretion and biological antioxidant activity of elderberry antioxidants
in healthy humans. Food Res.Int 38: 905-910.

Schieber A, Keller P, Carle R (2001) Determination of phenolic acids
and flavonoids of apple and pear by HPLC J.Chromatogr.A 910: 265-
273.

Bitsch |, Netzel M, Strass G, Janssen M, Kesenheimer B et al. (2000)
Hochwertige Fruchtsaefte aus speziellen Apfelsorten — Beitrag zu
einer gesunden Ernaehrungim Rahmen der “5 am Tag’-Kampagne
Ernaehrungs-Umschau 47: 428-431.

Lotito SB, Frei B (2004) The increase in human plasma antioxidant
capacity after apple consumption is due to the metabolic effect of fruc-
tose on urate, not apple-derived antioxidant flavonoids. Free Radical
Biol.Med 37 :251-258

Guyot S, Marnet N, Sanoner P, Drilleau JF (2003) Variability of the
polyphenolic composition of cider apple (Malus domesticus) fruits and
juices J.Agric.Food Chem. 51: 6240-6247

Volume 2018; Issue 02


https://www.ncbi.nlm.nih.gov/pubmed/29206180
https://www.ncbi.nlm.nih.gov/pubmed/29206180
https://www.ncbi.nlm.nih.gov/pubmed/29206180
https://www.ncbi.nlm.nih.gov/pubmed/28782167
https://www.ncbi.nlm.nih.gov/pubmed/28782167
https://www.ncbi.nlm.nih.gov/pubmed/28782167
https://www.ncbi.nlm.nih.gov/pubmed/10363620
https://www.ncbi.nlm.nih.gov/pubmed/10363620
https://www.ncbi.nlm.nih.gov/pubmed/10363620
https://www.ncbi.nlm.nih.gov/pubmed/8891673
https://www.ncbi.nlm.nih.gov/pubmed/8891673
https://www.ncbi.nlm.nih.gov/pubmed/8891673
https://www.ncbi.nlm.nih.gov/pubmed/15640486
https://www.ncbi.nlm.nih.gov/pubmed/15640486
https://www.ncbi.nlm.nih.gov/pubmed/15640486
https://espace.library.uq.edu.au/view/UQ:416509
https://espace.library.uq.edu.au/view/UQ:416509
https://espace.library.uq.edu.au/view/UQ:416509
https://espace.library.uq.edu.au/view/UQ:416509
https://www.ncbi.nlm.nih.gov/pubmed/10917926
https://www.ncbi.nlm.nih.gov/pubmed/10917926
https://www.ncbi.nlm.nih.gov/pubmed/15640487
https://www.ncbi.nlm.nih.gov/pubmed/15640487
https://www.ncbi.nlm.nih.gov/pubmed/15640487
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1082893/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1082893/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1082893/
https://www.ncbi.nlm.nih.gov/pubmed/10692580
https://www.ncbi.nlm.nih.gov/pubmed/10692580
https://www.ncbi.nlm.nih.gov/pubmed/10692580
https://www.ncbi.nlm.nih.gov/pubmed/12594539
https://www.ncbi.nlm.nih.gov/pubmed/12594539
https://www.ncbi.nlm.nih.gov/pubmed/12594539
https://www.ncbi.nlm.nih.gov/pubmed/12594539
https://www.ncbi.nlm.nih.gov/pubmed/11716754
https://www.ncbi.nlm.nih.gov/pubmed/11716754
http://www.academia.edu/35160990/Chemical_composition_and_functional_properties_of_essential_oils_from_Nepeta_schiraziana_Boiss
http://www.academia.edu/35160990/Chemical_composition_and_functional_properties_of_essential_oils_from_Nepeta_schiraziana_Boiss
http://www.academia.edu/35160990/Chemical_composition_and_functional_properties_of_essential_oils_from_Nepeta_schiraziana_Boiss
http://www.academia.edu/35160990/Chemical_composition_and_functional_properties_of_essential_oils_from_Nepeta_schiraziana_Boiss
https://www.ncbi.nlm.nih.gov/pubmed/10381194
https://www.ncbi.nlm.nih.gov/pubmed/10381194
https://www.ncbi.nlm.nih.gov/pubmed/10381194
http://www.ajevonline.org/content/16/3/144
http://www.ajevonline.org/content/16/3/144
http://www.ajevonline.org/content/16/3/144
https://www.ncbi.nlm.nih.gov/pubmed/9614160
https://www.ncbi.nlm.nih.gov/pubmed/9614160
https://www.ncbi.nlm.nih.gov/pubmed/9614160
https://www.researchgate.net/publication/223784909_The_excretion_and_biological_antioxidant_activity_of_elderberry_antioxidants_in_healthy_humans
https://www.researchgate.net/publication/223784909_The_excretion_and_biological_antioxidant_activity_of_elderberry_antioxidants_in_healthy_humans
https://www.researchgate.net/publication/223784909_The_excretion_and_biological_antioxidant_activity_of_elderberry_antioxidants_in_healthy_humans
https://www.ncbi.nlm.nih.gov/pubmed/11261721
https://www.ncbi.nlm.nih.gov/pubmed/11261721
https://www.ncbi.nlm.nih.gov/pubmed/11261721
https://www.ncbi.nlm.nih.gov/pubmed/15203196
https://www.ncbi.nlm.nih.gov/pubmed/15203196
https://www.ncbi.nlm.nih.gov/pubmed/15203196
https://www.ncbi.nlm.nih.gov/pubmed/15203196
https://www.ncbi.nlm.nih.gov/pubmed/14518950
https://www.ncbi.nlm.nih.gov/pubmed/14518950
https://www.ncbi.nlm.nih.gov/pubmed/14518950

