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“Many ornamental apple cultivars have 
red flesh and produce red juice, offering 
potential for new apple-based food 
and health products.  In this article 
we summarize our efforts to identify, 
select, and breed red-juiced apple 
cultivars for future production in the 
Great Lakes states.”

Red-juiced apple cultivars for Great Lakes production 
Steve van Nocker and Chris Gottschalk
Department	of	Horticulture,	Michigan	State	University,	East	Lansing,	MI

Anthocyanins, beauty, and the color of apples
The saying that “beauty is only skin deep” could easily 
apply to the typical apple, which produces the red pig-

ments only in the epidermal cell layers of the peel.  These pigments 
– called antho-
cyanins – com-
prise a large and 
heterogeneous 
group of natural 
compounds.  De-
pending on the 
exact structure 
of the particu-
lar anthocyanin 
molecule, and the 
pH of its environ-

ment, anthocyanins can range in color from red to purple to blue.  
Anthocyanins serve a variety of biological roles.  In the skin of fruit 
such as apple or blueberry, anthocyanins act as visual attractants 
for animals that would eat the fruit and disperse the seeds in the 
dung.  In flowers, anthocyanins help to attract pollinators.  An-
thocyanins may also be produced by plants as photoprotectants 
– a natural sunscreen – especially in times of stress.
 Naturally, humans are also attracted to red fruit, and this 
has driven the breeding and selection of apple cultivars with en-
hanced skin color – the so-called color sports.  For consumers, 
skin color is an important assessment factor for fruit quality.  In 
addition, anthocyanins are included in a broader class of natural 
compounds termed flavonoids, which are commonly believed to 
positively impact human health because they are strong antioxi-
dants.  These economic factors have driven decades of research on 
the genetic, environmental, and production factors contributing 
to anthocyanin content in the fruit.

Red-fleshed apples: “Beauty is more than skin deep!”
 Interestingly, many cultivars of apple produce anthocyanins 
not only in the skin, but in many other parts of the plant.  Such 
cultivars are easily recognizable by their purple foliage and red 
or purple flowers (Fig 1A).  In most of these cultivars, the fruit 
cortex (flesh) is pink or light red, and these have been referred 
to as “red-fleshed” cultivars.  Our research at MSU suggests that 
nearly all of these cultivars are descended from a single variety, 
‘Niedwetskyana’ (Fig 1B), believed to originate in central Asia.  
Because of the ornamental value of the foliage and flower color, 
this trait from ‘Niedwetskyana’ has been exploited in the develop-
ment of many ornamental crabapple cultivars.  As these became 
widely planted in populated areas, natural cross-pollination with 
other cultivars and wild apples further increased the genetic 
diversity (van Nocker et al. 2007).
 During the early 20th century, breeders such as Niels Ebbesen 
Hansen and Albert Etter began to develop red-fleshed culinary 
cultivars.  Most of this work utilized genetic material that was 

distinct from ‘Niedwetskyana’.  In these apples, anthocyanins were 
produced at high levels in the fruit flesh, but not in other parts of 
the plant, such that plants showed typical green foliage and white 
flowers.  Their early work produced some varieties still grown to-
day, such as the light-skinned ‘Pink Pearl’ (Fig 1C).  More recently, 
increased understanding of the genetics that underlie the red flesh 
trait has reinvigorated breeding efforts.  New Zealand’s Plant & 
Food Research Institute (formerly HortResearch) has maintained 
a breeding program over the last two decades and plans to release 
several cultivars in the near future.  A multinational effort formed 
in 2012, IFORED, has begun to plant pre-commercial orchards 
of three red-fleshed cultivars for market evaluation.  Recently, a 
grower-led breeding group, Midwest Apple Improvement Asso-
ciation (MAIA), initiated a breeding/selection effort.  A significant 
hurdle for red-flesh culinary variety development is that, along 
with anthocyanins, red-fleshed varieties tend to accumulate other 
flavonoids in the fruit flesh, and these compounds contribute a 
bitter taste to the fruit.  Thus, there is a trade-off between color 
and palatability, such that the most highly pigmented fruit are 
the least suitable for culinary use.  Accordingly, cultivars now 
in development for culinary use have only moderate levels of 
anthocyanins in the flesh.

Rediscovery and evaluation of red-juiced cultivars for 
Great Lakes production
 Although cultivars and breeding selections with very high 
levels of anthocyanins in the flesh wouldn’t be acceptable for cu-
linary use, they would have immense potential value as a source 
of anthocyanins. An important feature of red-fleshed apples is 
that the anthocyanins are soluble, such that under typical pressing 
conditions, the juice color ranges from pink to dark red.  In 2007, a 
group of MSU researchers including ourselves, Drs. Muralee Nair 
and Randy Beaudry, began to discuss the potential for red juice and 
extractable anthocyanins as novel products for Great Lakes apple 
growers.  Our initial analysis of juice from ‘Niedwetzkyana’ and 
two other cultivars was promising (Mulabagal et al. 2007).  This 
juice contained up to > 1 mg anthocyanins/g of fresh weight.  This 
concentration can exceed that of cherry or blueberry, two fruits 
considered to be very high in anthocyanins.  We also determined 
that the juice was strongly active in standard biochemical assays 
designed to measure antioxidant potential (Mulabagal et al. 2007).  
In subsequent research, we found that this antioxidant capacity 
was at least three times, and up to five times, as high as that of typi-
cal apple juice.  To emphasize our focus on juice and extractable 
anthocyanin, as opposed to culinary use, we refer to the cultivars 
we are studying as “red-juiced” rather than “red-fleshed”.
 In 2010, we began evaluating red-juiced cultivars for potential 
production under Great Lakes environmental conditions.  The 
first step was to identify known cultivars, and to catalog these in 
terms of desirable growth and production traits.  In addition to the 
large USDA apple germplasm collection in Geneva, NY, we visited 
the Canadian germplasm collection in Harrow, Ontario, as well 
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as the Brogdale National Fruit Collection in the United Kingdom.  
In total, we examined nearly 3,000 distinct cultivars, and identified 
the red-juiced trait in more than 100 of these (van Nocker et al. 
2012).  We carried out visual evaluation of these cultivars, as well 
as examined historical records, where available, describing disease 
and production traits.  These traits included resistance to fire blight, 
apple scab, powdery mildew, and cedar apple rust, as well as tree 
vigor, yield, and, where records were available, fruit characteristics.
 Based on this data, we selected a subset of cultivars that were 
apparently disease-resistant, had potential to produce fruit with 
good color and juice qualities, and that might perform well under 
Great Lakes conditions.  Representatives of these cultivars were 
observed in the field over one growing season, and 10 cultivars were 
selected for further study (Table 1).  Scionwood was obtained and 
grafted to dwarfing rootstocks, and trees were planted in a high-
density system (Slender spindle, 3’ plant spacing, 10’ row spacing; 
1452 trees/acre).  Our implementation of a high-density system 
was in recognition of the fact that, with future production, fruit 
for non-culinary purposes is likely to be harvested mechanically.  
The planting was established in Clarksville, Michigan, a location 
that represents the general climatic conditions of the Great Lakes 
region.

 Once in full production, the cultivars were evaluated over 
a three-year period (Table 1).  None of the ten cultivars showed 
symptoms of fire blight, cedar apple rust, or powdery mildew, even 
though these pathogens were clearly present in nearby plantings.  
All cultivars except ‘Otterson’ showed symptoms of apple scab.  
The most affected cultivar was ‘Cowichan’, which was completely 
defoliated by the first frost date in each year.  ‘Otterson’ stood out 
as showing the most vigorous growth, attaining full size one year 
in advance of other cultivars.  The highest yielding cultivars were 
‘Cranberry’, ‘Irene’, and ‘Otterson’, which all produced > 20 tons per 
acre over the three-year period.  Conversely, the very small fruited 
‘Prairie Fire’ and ‘Red Silver’ yielded < 2 tons per acre.  Extract-
able juice content ranged up to > 0.9 ml/g (‘Cranberry’), which 
was similar to the reference cultivars ‘Honeycrisp’ and ‘McIntosh’, 
down to less than 0.5 ml/g (‘Red Silver’).  We also measured total 
phenolics content.  Phenolics contribute to antioxidant activity, and 
impart a bitter taste to juice.  Phenolics content for all cultivars was 
at least ten-fold greater than that found for the reference cultivars, 
and varied from a low of 46 mg/ml (‘Otterson’) to up to 92 mg/ml 
(‘Selkirk’).  The cultivars showed remarkably similar antioxidant po-
tentials, which were ~ 2–3-fold greater than that of the references.  
Anthocyanin content varied by over ten-fold, with ‘Cowichan’ the 

Table	1.	 Growth	and	juice	characteristics	of	selected	red-juiced	cultivars.		Designated	representatives	of	each	cultivar	(n=20)	at	the	Clarksville,	MI	trial	site	
were	observed	over	a	three-year	period.		Values	given	for	fruit	are	based	on	the	mean	and	standard	deviation	from	three	biological	replicates,	
each	comprising	>10	fruits.		Disease	(apple	scab)	ratings	were	based	on	a	three-point	scale,	with	(+++)	indicating	absence	of	visible	disease,	and	
(+)	indicating	obvious	disease.		Vigor	was	estimated	subjectively	based	on	a	four-point	scale,	with	(++++)	points	assigned	to	the	most	vigorous	
(Otterson).		Yield	was	estimated	based	on	crop	in	the	final	two	years.		nd	=	no	data	taken.	

Cultivar Disease
resistance Vigor

Estimated	
yield	

(tons/acre)

Fruit	
diameter	(cm)	
and	mass	(g)

Extract-
able	juice	

content	
(ml/g)

Total	
phenolics

Antioxidant	
capacity

Extractable	
anthocyanin	

content	
(mg/ml)

Titratable	
acidity	

(g/L)

Extractable	
juice/acre

Extractable	
anthocyanins/

acre	(kg)

Cowichan + +++ 12.5+0.8
3.2+0.30

0.76 65-73 0.13 0.1 0.095
6,840 l

0.68
17.1+2.3 1,805 gal

Cranberry ++ ++ 20.8+1.9
4.2+0.30

0.92 83-87 0.14 0.63 0.112
13,778 l

8.68
51.0+9.0 3,635 gal

Henrietta	
Crosby ++ ++ 5.5+0.42

2.8+0.27
0.88 56 0.14 0.22 0.278

3,485 l
0.77

10.8+1.1 920 gal

Irene +++ +++ 24.2+2.8
4.3+0.37

0.88 66-70 0.13 0.18 0.197
15,333 l

2.76
35.6+4.3 4,045 gal

Otterson +++ ++++ 21.0+4.3
7.1+0.55

0.84 46 0.13 0.64 0.092
12,701 l

8.13
158+12 3,351 gal

Prairie	Fire ++ ++ 1.6+0.11
1.4+0.22

0.61 57 0.14 0.55 0.373
703 l

0.39
1.4+.22 185 gal

Red	Silver ++ +++ 1.1+0.17
1.7+0.29

0.45 64-77 0.14 0.73 0.19
356 l

0.26
2.3+0.17 94 gal

Selkirk ++ +++ 5.0+0.53
3.0+0.35

0.78 86-92 0.13 0.18 0.205
2,808 l

0.51
12.1+3.2 741 gal

Sissipuk + ++ 1.8+0.09
3.7+0.50

0.76 76-79 0.13 0.57 0.205
985 l

0.56
23.4+4.1 260 gal

Timiskaming +++ +++ 5.8+0.4
5.7+0.76

0.88 70-74 0.14 1.29 0.32
3,675

4.7
88.9+10.4 970 gal

Honeycrisp	
(reference) nd nd nd nd 0.88 <5 <0.05 <0.01 0.075 nd nd

McIntosh	
(reference) nd nd nd nd 0.91 <5 <0.05 <0.01 0.109 nd nd
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Figure	2.	 ‘Cranberry’	and	‘Otterson’.	(A,	B)	‘Cranberry’	fruit,	at	maturity.	(C,	
D)	‘Otterson’	fruit,	at	maturity.		(E)	Juice	from	‘Otterson’,	blended	
with	 non-red	 juice	 at	 a	 1:1	 ratio.	 (F)	 Fermentation	 carboys	
illustrating	 juice	 color	 intensity;	 ‘Otterson’	 x	 ‘Mutsu’	 (left)	 and	
‘Otterson’	pomace	(right).

Figure	1.	 Representative	 red-fleshed	 cultivars.	 (A)	 ‘Niedwetskyana’	
spring	 foliage	 and	 flower,	 showing	 purple	 coloration.	 (B)	
‘Niedwetskyana’	 fruit.	 	Anthocyanin	accumulation	can	be	seen	
in	the	outer	cortex.		(C)	‘Pink	Pearl’	fruit.		Subtle	coloring	is	seen	
in	the	outer	cortex.	

lowest and ‘Timiskaming’ the highest.  All cultivars generally con-
tained higher acid levels than the reference cultivars, with ‘Prairie 
Fire’ having five-fold higher acid levels than ‘Honeycrisp’.  Given the 
goal of juice production, ‘Cranberry’, ‘Irene’, and ‘Otterson’ were far 
superior to other cultivars, producing at least 3,300 gal/acre.  With 
the goal of extractable anthocyanins, ‘Cranberry’ and ‘Otterson’ 
were again top performers, with potential yields of >8 kg/acre.
 Based on these evaluations, we selected ‘Cranberry’ and ‘Ot-
terson’, for further propagation and planting (Figure 2).  ‘Cranberry’ 
was developed by R. L. Wodarz of Wyndmere, North Dakota and 
was released in 1953 (Jefferson 1970).  As mentioned above, this 
cultivar is moderately susceptible to scab, but relatively free of the 
other evaluated diseases (Table 1).  It is quick to come into produc-
tion, and produces large amounts of egg-shaped fruit.  Its dark red 
juice exhibits intense fruit flavors, reminiscent of strawberry and/or 
raspberry, with mild astringency.  ‘Otterson’ is of unknown heritage, 
but was entered into the National Apple Germplasm Repository 
in March of 1992.  In our trials, this cultivar is completely free of 
disease, is very vigorous, and produces high yields of relatively large 
fruit.  The fruit yields large quantities of deep red juice with a subtle 
flavor profile and significant astringency (Table 1 and Figure 2).

Trial production of hard ciders using red-juiced apples
 We recently initiated experiments to evaluate the potential 
for using ‘Cranberry’ and ‘Otterson’ in the production of hard 
(alcoholic) cider.  Each cultivar offers a unique flavor profile, 
while serving as a source of red color, phenolics, and acid.  Fruit 
were blended into a mix of non-red-juiced culinary apples during 
pressing (blending juices is a common practice in cider produc-
tion, because it can create a more consistent product).  In 2015, a 
blend of  ‘Cranberry’ to equal parts ‘Jonathan’,  ‘McIntosh’, and ‘Red 
Delicious’ was pressed and fermented (Figure 2).  The resulting 
cider was a dark pink in color immediately after fermentation but 
oxidized to a light red-orange color following a secondary bottle 
fermentation.  In 2016, ‘Otterson’ was pressed with an equal volume 
of ‘Mutsu’, yielding a dark red juice.  In addition, a second pressing 
consisted of ‘Red Delicious’, ‘Ida Red’, and ‘Mutsu’ pressed through 
‘Otterson’ pomace.  Both of the 2016 batches exhibited very little 
color change, even after a secondary bottle fermentation.  All trial 
batches were submitted as entries into the Great Lakes International 
Cider and Perry Competition (Grand Rapids, MI).  The ‘Cranberry’ 
blend was awarded a gold medal in 2015 and was considered for 
best in show within the non-commercial category.  In 2016, the 
‘Otterson’ x ‘Mutsu’ and ‘Otterson’ pomace ciders earned a bronze 
and silver medals, respectively.  Based on these initial successes, 
the potential to use these two varieties in large-scale production 
is very high.  Recently, we partnered with a commercial producer, 
Short’s Brewing Company (Bellaire, MI), who used ‘Otterson’ in the 
production of their “Flamingo Juice” cider brand (Starcut Ciders 
2016).  This cider has earned a respectable score of 3.8/5 in user 
reviews through the UnTapped application.

PureRed Apples: A breeding project for improved red-
juiced cultivars
 Although ‘Cranberry’ and ‘Otterson’ have many excellent 
production and juice qualities, and so far seem to be suitable for 
large-scale production in the Great Lakes region, these cultivars 
also have limitations.  For example, ‘Cranberry’ fruit is relatively 
small, and trees are incompletely resistant to scab.  ‘Otterson’, on the 
other hand, produces fruit with mediocre taste and relatively low 

acid.  In 2015, we initiated a small breeding project at MSU with 
the goal of developing improved, red-juiced cultivars for Great 
Lakes production.  This project, which we call PureRed, focuses 
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on further enhancing juice color and anthocyanin content, while 
also maintaining good trait qualities for vigor, production, disease 
resistance, and juice flavor, phenolics and acid content.
 Enhancing anthocyanin content relies on our knowledge of 
the genetics of the red-fleshed trait, combined with a breeding 
technique called marker-assisted selection.  Scientists at the 
University of Auckland and the Plant & Food Research Institute 
found that the red flesh trait in the cultivar ‘Red Field’ is due to 
increased activity of a specific gene, called MYB10 (Espley et al. 
2006).  This gene acts as a master regulator of the anthocyanin 
biosynthetic pathway, and in typical apples is active only in the 
skin.  In ‘Red Field’, the MYB10 gene became active throughout 
the entire tree (Espley et al. 2006).  Our previous work evaluating 
the range of red-fleshed cultivars found that the hyperactive allele 
of this gene was responsible for essentially all of the red-fleshed 
apple cultivars found in germplasm collections (van Nocker et 
al. 2012).  We also found that this allele acts in a semi-dominant 
manner, such that two copies (homozygosity) are required for 
full effect.  Finally, we found that, although this allele was neces-
sary for the red-fleshed trait, at least one additional gene acts to 
enhance or repress its function (van Nocker et al. 2012).  Creating 
an improved, “anthocyanin supercharged” cultivar is possible 
through managed crosses of cultivars containing the hyperac-
tive MYB10 allele, and selection of progeny plants that are both 
homozygous for the allele and that contain the genetic enhancer.  
Selection of progeny can be done quickly by directly analyzing 
DNA from the seedlings.  Currently, we have selected and are 
propagating ~1,000 such progeny derived from intercrossing of 
‘Robert’s Crab’, ‘Cranberry’, ‘Otterson’, and five additional culti-
vars.  The oldest progeny from these crosses will produce fruit 
suitable for evaluation in the coming season (2018).  We hope 
that these new cultivars can be further evaluated and propagated 
through future partnerships with Great Lakes food and health-
related interests.

Red-juiced apples as a potential new market for Great 
Lakes growers
 The future of the Great Lakes apple industry may depend 
on the development of specialty crops of universal appeal that 
are optimized for our production region.  There is tremendous 
opportunity to promote apple as a source for nutraceuticals (nu-
trition/pharmaceutical) and functional food.  Nutraceuticals are 
defined as processed foods or food extracts that have a medicinal 
effect on human health.  Functional foods are defined as normal 
components of the human diet that have health-beneficial ef-
fects.  As the apple is already perceived among the public as the 
ultimate functional food, it has the highest potential for any fruit 
to be developed as a source of nutraceuticals.  Anthocyanins 
and flavonoids in general have been well documented to benefit 
human health as antioxidants, a base of the multi-billion-dollar 
nutraceutical industry.  Anthocyanins are available from other 
sources, such as purple cabbage and blueberry, but their extrac-
tion from apple will be facilitated by the current infrastructure 
devoted to apple juice processing.
 Finally, as valuable as these applications may be, anthocyanins 
may have much greater potential value in the rapidly growing 
renewable energy industries.  The chemical structure of antho-
cyanins allows for unique light energy absorption.  For this reason, 

these compounds are being evaluated for use in organic photovol-
taics and to enhance light-harvesting properties of silicon-based 
photovoltaics (Amelia et al. 2015; Putri et al. 2015).  Thus, we feel 
that there is tremendous potential for red-juiced cultivars in the 
coming decades.
 Note: Scionwood for the cultivars discussed in this article 
can be obtained from the authors and from the USDA-ARS Plant 
Genetic Resources Unit, 630 West North St., Geneva, New York 
14456-0462.  USDA Germplasm accession numbers for ‘Otterson’ 
and ‘Cranberry’ are as follows: ‘Cranberry’ – PI589180; ‘Otterson’ 
– PI590178.  
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