Cranberry phenolics: a crash course
Jungmin Lee
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The Healing Power of Cranberries

They're good for your heart, teeth, digestive system and overall health. Loaded with antioxidants Cranberries are
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Phenolics




Cranberry Phytochemicals = Phytonutrients

* Phenolics
Proanthocyanidins
Anthocyanin
Flavonol-glycosides
Phenolic acids

- Carbohydrates
Dietary fibers

- Organic acids
- Triterpenoids
- Vitamins

 Minerals




Phenolics = Polyphenolics

> 6,000 identified



Why do plants produce phenolics?

* Protection against UV
- Signaling
- Antifungal properties - phytoalexin

- Attraction / repulsion for pollinators
and seed dispersers

- Possible role in plant growth and
fruit ripening

* Wound healing

Petunia axillaris



Cranberry juice composition

- Water ~87%
« Other compounds ~12%

* Phenolics ~1%

Importance of phenolics

- Taste and mouthfeel
(bitterness and
astringency)

- Color (appearance)

* Preservative

(Gawel, Oberholster, & Francis, 2000)

- Health benefits
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Phenolics = polyphenolics
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Non-flavonoids (mostly phenolic acids)

Benzoic acids Cinnamic acids

R4
R4
OH
R5 COOH R, S
O
R3 R3
p-coumaric acid
Benzoic acid Caffeic acid
Hydroxybenzoic acid Ferulic acid
Dihydroxybenzoic acid Sinapic acid
Stilbenes
HO O
— O OH
OH

Resveratrol



Non-flavonoids (mostly phenolic acids)
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ADDITIONAL INDEX WORDS. Vaccinium macrocarpon, gypsy moth, cranberry weevil, red-headed flea beetle
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ABSTRACT. Several insect herbivores have been anecdotally reported to prefer ‘Howes’ cranberry leaves (Vaccinium
macrocarpon) over those of ‘Early Black’. A series of studies were undertaken to determine whether these anecdotal
rcports are accurate and to compare phcnohc prohles in the follagc of Earlv Black’ : )

(Anthonomus musculus) did not prefer either cultivar. Compounds giving rise to six peaks in the phcnohc prohle
were significantly greater in concentration in ‘Early Black’ than ‘Howes’ on at least one of three sampling dates
during the growing season. Five of these compounds were isolated from leaves harvested at the June time point
coinciding with gypsy moth infestation and identified as: 5-O-caffeoylquinic acid, 3-O-p-coumaroylquinic acid, 5-O-
p-coumaroylquinic acid, quercetin-3-O-galactoside, and quercetin-3-O-rhamnoside.




Non-flavonoids

Benzoic
acids

Benzoic acid

Hydroxybenzoic acid

Cinnamic
acids

p-Coumaric acid
Caffeic acid
Ferulic acid

Sinapic acid
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Flavanol = Flavan-3-ol

Catechin Epicatechin



FRESH UPGRADE * POTENCY PROVEN

RAW Fresh Freeze-Dried

CRANBERRY

Dietary Supplement
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Anthocyanidin
= Aglycone
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Anthocyanin color

Pelargonidin

Peonidin

Malvidin



Anthocyanin color

Pelargonidin

Peonidin

Malvidin



Absorbance at 520 nm (mAU)

American cranberry product authenticity

1= cyd-gal

4
: 1
Z /\ 3 6 2= cyd-glu
: 2 5
F~— )\ j\ J\/L 3= cyd-arab

4= ped-gal

5= ped-glu

6= ped-arab

Lee (2013)



American cranberry product authenticity

=) 1= cyd-gal
E
E 2= cyd-glu
(=]
i 3= cyd-arab
?
£ 4= ped-gal
=
§ 5= ped-glu
<

e 6= ped-arab

Sample “Z3” typical cranberry fruit / juice 7= 29

anthocyanin profile

Peak 7 = peak not found in American cranberry
fruit

Lee (2013)



Cranberry dietary
supplements

(Lee, 2016)



Cranberry dietary
supplements
(in mg / capsule, tablet,
or tsp)

(Lee, 2016)



Cranberry dietary
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Cranberry dietary
supplements
(in mg / capsule, tablet,
or tsp),
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Anthocyanins in cranberry

V. macrocarpon

V. oxycoccus
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Anthocyanins in cranberry

V. macrocarpon

V. oxycoccus

+

+

+

+

American cranberry

e AJ\,\LA

(Lee, 2013)

1= cyd-gal, 2= cyd-glu, 3= cyd-arab, 4= ped-gal, 5= ped-glu, and 6= ped-arab




Anthocyanins in cranberry

V. macrocarpon

V. oxycoccus

dpd - +
cyd + +
ped + -

American cranberry

e /\]\A

(Lee 2013)

1= cyd-gal, 2= cyd-glu, 3= cyd-arab, 4= ped-gal, 5= ped-glu, and 6= ped-arab
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European cranberry

(Obon et al., 2011)

1= dpd-gal, 2= dpd-glu, 3= cyd-gal, 4= cyd-glu, and 5= cyd-arab




Anthocyanin ranges

ACY (mg/100g fruit)

(o) 200 400 600 800 1000 1200
American
black = >
raspberry
Blackberry < —-
Blueberry < >

I Cranberry <= I

Elderberry - >
Korean
black = >
raspberry

Red raspberry <>

Strawberry e

(Lee, 2013, 2016, 2017; Lee & Finn, 2007; Lee et al., 2004, 2012, 2013)



Anthocyanin ranges

American
black
raspberry

Blackberry

Blueberry

ACY (mg/100g fruit)
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Anthocyanin ranges

ACY (mg/100g fruit)

(o) 200 400 600 800 1000 1200
American
black = >
raspberry
Blackberry < —>
Blueberry < >

I Cranberry <= I

/
Elderberry < >

ORIGINAL

Korean IGINA

black =
raspberry

Red raspberry <> Cranberry juice cocktail
anthocyanins =

~1mg /100 mL
Strawberry e




Flavonol-glycosides

R,=H R,=H Kaempferol

R,=0OH Ro=H Quercetin

R,=0OH R,=0OH Mpyricetin



Flavonoids ‘

I—I_I—I

Flavanols

= Flavan-3-ols

Monomers
=Catechins

= Pr

Catechin
Epicatechin

Polymers

= Condensation of flavanols

oanthocyanidins

= Condensed tannins

= Tannins

Combination of
the monomers

Anthocyanins FIavor_loI-
glycosides
Kaempferol
Cyanidin Quercetin
Peonidin Myricetin

(present as glycosides)

(present as glycosides)
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Cranberry supplement

URINARY TRACT
HEALTH SUPPLEMENT

SUPPLEMENT p
DES VOIES URINAIREC

E SANTE

Used in herbal medicin

e to help prevent
(recurrent) urinary tract

infections
Provides antioxidants for the
Maintenance of good health

Utilisé en phytothétapielherboristerie

Pour aider a prévenir les infections
(récurrentes) des voies urinaires

Fournit des antioxydants pour
€ Maintien d'ype bonne santg




THE NEXT

SUPERFOOD
WAS DISCOVERED

IN 16417.

wWith proanthocyanmdingjthat have kept
skin ] s to fnuit on carth
takes care of you like a cranbernry

THL NECESSARY, LECINDARY
EXTRAORDINARY CRANB LR %y




Proanthocyanidin = Procyanidin = PAC = PAs

FRESH UPGRADE * POTENCY PROVEN

RAW Fresh Freeze-Dried

CRANBERRY

Dietary Supplement

1 0.75 - 1.5% Procyanidins |

U.39 ~ 1.V7 Amnocyanins

P — i




Tannins

Condensed tannins

= Proanthocyanidins Hydrolyzable tannins

= Flavonoid polymers

= Flavanols

Proanthocyanidin A Ellagitannins

Proanthocyanidin B Gallotannins




Tannins

Condensed tannins

= Proanthocyanidins Hydrolyzable tannins

= Flavonoid polymers
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Proanthocyanidin A Ellagitannins

Proanthocyanidin B Gallotannins




Proanthocyanidin A2 vs B

OH




Cranberry proanthocyanidin A2 content
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Number of Accessions
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Proanthocyanidin levels

Bog #4
Cultivated

L1 T

100 200

400

_allllllln,

Bog #1
Cultivated

100 200 300 400
Bog #1
"Wild " type
100 200 300 400

Proanthocyanidins (mg/100g fruit)

(Vorsa and Johnson-Cicalese, 2007)



Proanthocyanidin levels among American cranberry, European

cranberry, and lingonberry

Table 2. Concentrations of Procyanidin A2 (mg/100 g) and A-Type Procyanidin Dimers (m/z 575) and Trimers m/z 863 (mg A2 equiv/100 g) in Fresh Berry Samples

mg (A2 equiv)/100 g fresh weight (FW)“

RT V. macrocarpon V. macrocarpon V. macrocarpon V. macrocarpon V. macrocarpon V.macrocarpon —— Vooxycocews V. oxyeocus V. vitisidaea V. vitis-idaca
pek’ (min)  compd (mixed) (Ben Liar (Grygleski) (Stevens{o (Pilgrim, C}X) (Pigrim, PL) (EU) (PL) (EU) (CN)
6 1981  dimer 1 012 4 002 0.10 £002 0.13 £0.02 0.13 £ 001 0.10 £ 003 0.20 £ 0.04 0184002 009+£002  S94+079 177 £020
§ 230 A2 4.57 £ 034 414 +£037 466 + 0.78 471 £ 0.12 410 £ 0.2 549 + 061 021 £003 0134£002  2114£027 798 +072
Sl(lm/ofsA-st))pe dimers | 4694£036 4244039  479+080 484 £013 420 + 0.1 5694065 | 10394005 0224004 | 805+ 106 975 4092
m/z §7

1 1499 trimer | nd nd nd nd nd nd nd nd 155402 029 +007
) 1731 trimer2 007 £ 001 0.06 £ 0,01 007 £ 0.01 0.0 £ 000 0.08 £ 001 011+ 001 028 £005 009 001 103+£016 032 £002
3 1745  timer3 068 £ 006 0.62 +0.06 067 £ 0.08 0.68 £ 004 0.71 £ 010 105 £ 0.14 020+£001 005 £ 001 022+£003 098 £0.12
4 1859 timerd 1824016 235 £032 330 £ 041 283 £ 030 249 £ 034 296 + 049 nd nd 0824014 318+077
N 1960 trimer S 0.04 £ 001 0.04 £ 001 005 £ 001 005 £ 001 0.04 £ 001 005 £ 001 nd nd LI0£ 018 027 £005
7 2085 timer6 004 £ 001 0.05 £ 001 0.06 £ 0.01 0.0 £ 001 0.04 £ 001 007 £ 0.02 nd nd 340 £ 045 060 £0.11
9 280  timer7 103 £ 008 114 £ 015 135 £ 021 137 £ 010 117 £ 018 140 £ 020 nd nd 029 £004 159£033
10 2310  trimer 8 098 £ 0.09 104 £ 0.11 143 £ 0015 129 £ 009 109 + 013 135 £ 022 160 £ 031 046 +£008
sum of Atype trimers | 466 + 042 5.0 £ 067 693 % 088  6.32 £ 0.55 561 %078 W1 | m (R 1.55'|

(m/z 863)

“Values are given as the mean + standard deviations ( = 6). Procyanidin A2 calibration curve was wsed for quantification. nd, not detected. *Peak numbers of trimers refer to Figure 2.

(Jungfer et al., 2012)



Compared to others. ..

Proanthocyanidins

Anthocyanidins

Phenolic acids

Ellagitannins

Flavonols, flavones, and flavanones

Strawberry

Sea buckthorn
Dark chocolate
Lingonberry
Peanut

Bog whortleberry
Cloudberry

Rye and wheet bran
Raspberry

| Cranberry
Rowanberry
Saskatoon berry
Crowberry

Black currant
Blueberry
Rowanberry, sweet
Bilberry

Rose hip

Cocoa powder
Chokeberry

OomE0ON

| | I | | I
0 300 600 900 1200 1500 1800

mg/100 g fresh weight
(Ovaskainen et al., 2007)




Phenolic Distribution in Cranberry

Skin:

 Flavanols and their polymers
- Anthocyanins

 Cinnamic acids

 Flavonols

- Stilbenes

Pulp:
« Cinnamic acids
* Benzoic acids

Seed:
 Flavanols and their polymers



Thank you!

USDA - ARS
OR cranberry growers’ association
WA cranberry growers’ association

British Columbia cranberry growers’ association

* Pacific Northwest Cranberry Congress

Cassie Bouska - OSU




