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“We have known for some time that apples 
are a natural mouth freshener, which are 
low in calories and an excellent source of 
fiber. More recent discoveries show that 
apples are also an excellent source of 
bioactive phenolic phytochemicals that 
may provide special nutraceutical benefits 
compared to other common fruits.”
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Fruits and vegetables that are consumed in large quantities 
may make a significant contribution to nutrient intake 
even though their nutrient content is not high. Apples fit 

into this category. 
Fresh apples are 
considered a food 
of moderate en-
ergy value among 
common fruits, 
while processed 
apple products are 
either comparable 
to fresh apples in 
energy value or 
higher because 
of concentration 

(dehydrated) or addition of sugars during processing. In common 
with other fruits, apples contain insignificant amounts of protein 
(less than 0.2%) and lipid (less than 0.4%). Apples are not bursting 
with vitamins and minerals like some other fruits, though they 
do provide a bit of vitamin C and potassium. However, apples 
are a good source of soluble fiber, especially pectin, which helps 
control insulin levels by slowing the release of sugar into the 
bloodstream (low glycemic index). Pectin is also known to help 
reduce cholesterol levels by lowering insulin secretion.
 Today’s natural approaches to wellness are becoming more 
popular and interest in the role of nutrition in overall health is 
increasing. Therefore, in addition to common nutrients indicated 
above, there is continued interest in other phytochemicals that 
appear to link to the prevention and amelioration of a variety of 
human diseases. Among the different phytochemicals, special 
interest has risen in plant polyphenols, specifically the flavonoids, 
whose key role appears to be in acting as antioxidants, similar 
to vitamin C and E.  Hippocrates, the ancient Greek physician 
who is known as the father of modern medicine, was the man 
who inspired this famous phrase over two thousand years ago, 
“an apple a day keeps the doctor away.”  These special traditional 
attributions of apples may be originated from the nutraceutical 
function of bioactive polyphenolic compounds.  Recently there 
has been a strong interest among scientists on anti-oxidative, 
anti-cancer, anti-neurodegenerative, and anti-obesity activities 
of apple phenolic compounds.  This paper will discuss nutritional 
composition of today’s common commercial apples and some of 
new bioactive phenolic compounds that have shown nutraceutical 
functions in vitro studies.

Macro- and Micro-Nutrients
 It has long been recognized that the chemical (nutritional) 
composition of apples varies depending on the cultivar, growing lo-

cation, climate, maturity, cultural practices. A considerable amount 
of literature was published in early 1900s on nutritional quality of 
apples; among them are the papers by Jones and Colver (1921) on 
Idaho’s apples, Shaw (1912) on twenty-one apple cultivars grown 
in may localities of the United States, Frisk (1925) on Iowa’s apples, 
Caldwell (1928a,b) on American and French cultivars grown in 
Virginia, and Fellers (1928) on apples grown in Massachusetts. In 
mid-1900s, Todhunter (1937) and Esselen et al., (1947) tabulated 
nutrients in apples grown in Washington and Massachusetts states, 
respectively. In a comprehensive book on apples, Smock and Neu-
bert (1950) discussed the chemical and nutritive value of apples and 
apple products. Hulme (1958) discussed in a chapter on vitamin and 
mineral content of apples of various cultivars produced in Europe and 
the United States. Upshaw et al., (1978) reported the levels of twelve 
mineral elements in apple and applesauce. In the late 1900’s, Mattick 
and Moyer (1983) conducted an extensive study on the chemical and 
nutrient composition of apple juice produced from apples grown in 
California, Massachusetts, Michigan, New York, North Carolina, 
Pennsylvania, Virginia, and Washington. A total of ninety-three 
samples over the 3-year period were analyzed for minerals, sugar, 
proline, total acid, sorbitol, sucrose, fructose, glucose, cadminium, 
calcium, iron, lead, phosphorous, potassium, sodium, and zinc.  Lee 
and Mattick (1989) collected comprehensive data on chemical and 
nutritional composition of apples published since 1950 and tabulated 
in a chapter of the book Processed Apple Products.  Since then no 
monograph on chemical and nutritional composition of apples was 
published.  During the last 15 years, emphasis has been placed on 
bioactive phenolic compounds in apples, other than conventional 
nutrients.  Various phenolic compounds were isolated, identified 
their chemical nature and investigated for their bioactivities, such 
as antioxidant, anticancer, antineurodegenerative and antiobesity 
activities.  
 Table 1 shows proximate composition of apples and apple prod-
ucts summarized from USDA Handbook 8-9 (Gebhardt, 1982) and 
Table 2 shows the average composition of apple juice from 16 apple 
cultivars collected from eight states during 1977-1981 seasons (Mat-
tick and Moyer, 1983). Table 3 shows total sugars, reducing sugars, 
sucrose, and pectin content of various apple cultivars grown in three 
states. 

Carbohydrates
 Carbohydrates account for the principal food value of apples. 
They are starches, sugars, pectin, cellulose and hemicellulose.  Im-
mature apples contain a relatively large amount of starch (3-4%), but 
as the fruit ripens the starch is converted to sugars leaving little 
or no starch. Fresh matured apples contain about 15% total car-
bohydrates and 10 -13% total sugars.  The most common sugars 
are fructose (5-7%), sucrose (3-5%), and glucose (1 – 2%) (Lee et 
al., 1970).  As shown in Table 1, apples are generally considered 
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as being a good source of fiber that provides roughage and aids in elimination.  
Dietary fibers add bulk to the diet, retain water in the contents of the colon, and 
assist in the passage of materials through the intestinal tract. They have shown a 
number of health benefits in recent years. Apples with skin contain 0.77% fiber, 
which is higher than that in oranges (0.34 – 0.50%), bananas (0.50%), apricots 
(0.60%), grapefruit (0.20%), or peaches (0.64%) (Gebhardt et al. 1982).  Pectin 
is another component of carbohydrates in apples that has shown additional 
health benefits on digestive systems. The pectin content of various cultivars 
grown in different locations (Table 3) shows a range of 0.27 – 0.75%, higher 
than lemons, oranges, or tomatoes.  Smock and Neubert (1950) observed that 
there was a rapid decrease in total pectin content in the early stage of maturity 
and remained fairly constant throughout the season in English-grown Bram-
ley Seedling apples, however, in American-grown Jonathan apples, the total 
pectic substances were constant throughout the season until the fruit started 
to soften enough to produce 15 lb in a pressure test. After that time the total 
pectic substances decreased. Therefore, we expect that pectic content apples 
vary greatly among different cultivars and different maturity within the same 
cultivar.

Proteins 
 Apples contain a somewhat smaller amount of protein (less than 0.3%) 
than many of the other fruits; 1.40% in apricots, 1.03% in bananas, 1.00% in 
cherries, 0.63% in grapefruits, 0.63% in grapes, 0.94% in oranges, 0.70% in 
peaches, 0.39% in pears, and 0.39% in pineapples (Gebhardt et al. 1982).  As 
would be expected, the contents of individual amino acids are also low.  As 

shown in Table 4, aspartic and glutamic acids are the 
predominant amino acids in fresh apples and  apple 
products, followed by lysine and leucine.

Vitamins
 Vitamin content of fresh apples with and with-
out skins shows some variations as shown in Table 
5.  The average vitamin C (ascorbic acid) content is 
about 5 mg/100g of apples. This is higher than the 
content of any other vitamins in apples but less than 
that in orange (45-50 mg/100g), grapefruit (34-38 
mg/100g), apricots (10 mg/100g) or bananas (9.1 
mg/100g). The content of other vitamins is also in-
significant compared with the recommended daily 
intakes. 
 According to several previous reports on ascor-
bic acid content in apples, a large variation can be 
found among different cultivars at different geo-
graphical location and different seasons as shown in 
Table 6. The variation may be explained in part by 
a difference in the maturity of the apples of a given 

Table	1.		 Proximate	composition	of	apples	and	apple	products.

	 Water	 Energy*	 Protein	 Lipid		 Carbohydrate		 Fiber		 Mineral

Product	 	 	 (%)

Fresh apples with skin 83.9 59 0.19 0.36 15.3 0.77 0.26
Fresh apples without skin 84.5 57 0.15 0.31 14.8 0.54 0.24
Canned apples, sweetened 82.4 67 0.18 0.49 16.7 0.54 0.27
Frozen apples 86.9 48 0.28 0.32 12.3 0.54 0.24
Dehydrated (low-moisture) apples 3.0 346 1.32 0.58 93.5 4.09 1.57
Dehydrated apples 31.8 243 0.93 0.32 65.9 2.87 1.10
Canned apple juice 87.9 47 0.06 0.11 11.7 0.21 0.22
Applesauce, unsweetened 88.3 43 0.17 0.05 11.3 0.53 0.15
Applesauce, sweetened 79.6 76 0.18 0.18 19.9 0.46 0.14

* kcal/100g
Source: Gebhardt et al., 1982.

Table	2.		 Mean	and	range	of	composition	of	
apple	juice	from	16	cultivars	from	
8	states.

Attribute	 Mean	 Range

Mineral (%) 0.20 (0.11 – 0.30)
Brix (°) 12.74 (9.80 – 16.9)
pH 3.69 (3.23 – 6.54)
Total acid (% malic) 0.41 (0.15 – 0.91)
Sorbitol (%) 0.52 (0.16 – 1.20)
Sucrose (%) 2.68 (0.88 – 5.62)
Fructose (%) 5.79 (3.00 – 10.50)
Glucose (%) 2.07 (0.89 – 3.99)

Source: Mattick and Moyer, 1983.

Table	3.		 Sugars	and	pectin	content	of	various	apple	cultivars.

	 	 Total	sugars	 Reducing	sugars	 Sucrose	 Pectin

Location	 Cultivar	 	 																	(%)

Massachusetts  Baldwin 10.88 6.97 3.91 0.32
 R.I. Greening 10.00 7.80 3.20 0.34
 Winesap 13.52 10.03 3.49  0.31
 McIntosh 12.06 9.31 2.96 0.27
Virginia  Delicious 13.17 9.59 3.85 0.41
 Rome Beauty 10.65 7.16 3.49 0.56
 Winesap 11.81  8.37 3.44 0.76
 Jonathan 10.91 8.68 2.23 0.57
British Columbia Delicious 11.78  8.81 2.89 0.42
 Golden Delicious 12.39 7.89 3.78 0.64
 Jonathan 11.45 8.29 2.97 0.59
 McIntosh 10.89 8.30 2.61 0.52
 Spartan 11.32 9.00 1.95 0.54
 Winesap 12.82 10.67 3.14 0.75

Source:	Lee	and	Mattick,	1989.

Table	4.		 Amino	acid	content	of	fresh	apples.

	 With	skin	 Without	skin

Amino	acid	 																																												(%)

Tryptophan 0.002 0.001
Threonine 0.007 0.005
Isoleucine 0.008 0.006
Leucine 0.012 0.009
Lysine 0.012 0.009
Methionine 0.002 0.002
Cystine 0.003 0.002
Phenylalanine 0.005 0.004
Tyrosine 0.004 0.003
Valine 0.009 0.007
Arginine 0.006 0.005
Histidine 0.003 0.002
Alanine 0.007 0.005
Aspartic acid 0.034 0.026
Glutamic acid 0.020 0.016
Glycine 0.008 0.006
Proline 0.007 0.005
Serine 0.008 0.006
Water content 83.93 84.46

Source:	Gebhardt	et	al.,	1982.
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cultivar when analyzed. In addition, the location of the fruits on 
the same tree makes a difference; because the sunlight exposed 
apples contain more ascorbic acid than the apples at the shaded 
side on the same tree. Since the peel contains more ascorbic 
acid, analysis with and without skins may in part contribute to 
variation in nutrients. The ascorbic acid content of most apples 
grown in the United States was below 15 mg/100g, and several 
well-known cultivars contained less than 10 mg/100g, surpris-
ingly, among the popular apple cultivars, McIntosh contains 
low amounts of ascorbic acid.

Minerals
 Although apples cannot be considered an important source 
of minerals, they are comparable to other fruits in this respect.  
Compiled average data of the USDA Handbook 8-9 show that 
the mineral content of fresh apples with skin is about 0.26%; 

frozen apples, 0.24%; dehydrated apples, 1.10%; canned apple 
juice, 0.22% and applesauce, 0.15% as shown in Table 1.  The 
contents of individual mineral elements in apples produced in 
Virginia State are given in Table 7. Most of the mineral content 
in apples is low, including iron, magnesium, manganese, zinc 
and copper. Potassium constitutes the main portion of the total 
mineral content of apples and phosphorus and calcium are the 
next most prevalent minerals. There are minor differences in 
mineral contents among different cultivars. Noticeably lower 
calcium content in York Imperial apples among five apple cul-
tivars was observed. 

Phenolic Compounds
 In addition to common nutrients discussed above, recently 
there has been a strong interest in phenolic phytochemicals in 
apples in relation to the prevention and amelioration of a variety 
of chronic diseases.  Recent epidemiological studies have indi-
cated that the consumption of apples is associated with reduced 
risk of some cancers, cardiovascular disease, asthma, diabetes, 
and obesity (De Oliveira et al. 2003). Apples have been found 
to have a variety of bioactivities in laboratory studies, includ-
ing strong antioxidant, anticancer, and antineurodegenerative 
activities (Lee and Smith, 2000, Eberhardt et al. 2000, Heo et al. 
2004, Yoon and Liu 2007). 
 Scientists have linked all of these bioactivities of apples 
to polyphenol compounds located mainly in apple skins. In 
1987 we reported the variations of 13 individual phenolic 
compounds among seven apple cultivars grown in the U. S. 
(Coseteng and Lee 1987).   Empire apples were the lowest and 
Rome apples were the highest in the concentration of total in-
dividual phenolic compounds among seven cultivars studied. 
We also isolated and identified chemical nature of five querce-
tin and two phloretin glycosides in apple skins (Oleszek et al. 
1988). The most common phenolic compounds in apples were 
epicatechin, chlorogenic acid, quercetin galactoside, quercetin 
glucoside, quercetin xyloside, quercetin arabinoside, quercetin 
rhamnoside, phloretin glucoside, phloretin xylogalactoside, and 
procyanidin B2.  These phenolic compounds are mainly located 
in the skin and their concentration decreased sharply during the 
early stage of development and then remained relatively constant 
during maturation and storage.  The average concentrations of 
individual phenolic compounds in six apple cultivars grown in 
New York State during the 2001 harvest season are shown in 
Table 8.  Among 11 phenolic compounds identified in apples, 
the average concentration of quercetin glycosides was the high-
est, followed by procyanidin B2. Rhode Island Greening had 
the highest concentration (77.48 mg/100g) of total individual 
phenolic compounds and Empire the lowest (37.12 mg/100g). 
Recently, there have been additional reports that showed ad-
ditional phenolic compounds in different apple cultivars grown 
at different locations (Guyot et al. 2003).  Sixteen individual 
compounds were identified in the eight apple cultivars grown 
in Ontario, Canada (Tsao et al. 2003): the procyanidins were the 
predominant polyphenolics, followed by quercetin glycosides.  
Among the 16 cultivars evaluated, Delicious and Northern Spy 
showed the highest concentrations and Empire the lowest.  
 Recent development of molecular markers for genotyp-
ing and marker-assisted selection for use inbreeding, make 
possible the production of new varieties or improvement of 
existing varieties through genetic modification with enhanced 

Table	6.			Vitamin	C	content	of	apple	cultivars	grown	at	different	locations	
(mg/100g).

Cultivar	 USA	 Canada	 France		 Britain

Baldwin   - 15.3 10.1   -
Cortland 11 14.7   7.5   -
Cox Orange 19 12.7   - 14.4
Jonathan 17 15.4 10.8   -
Kendall   5   -   -   -
McIntosh   3   6.3   7.9   -
Monroe   -   9.0   -   -
Wealthy   - 18.5   4.4   -
Webster   9   -   -   -
Winesap   -   -   8.2   -

Source:	Lee	and	Mattick,	1989.

Table	7.			Concentration	of	mineral	elements	in	fresh	apples.

	 Delicious	 Golden	 York	 Stayman	 Rome	
	 	 Delicious	 Imperial	 	 Beauty

Mineral	 	 	 (mg/100g)

Calcium 4.07 4.97 1.97  2.05 3.07
Magnesium 2.72 2.43 3.20 2.68  2.88
Phosphorus 12.70 10.00 12.40 14.70 12.50
Potassium 90.70 72.70 104.00 117.00 91.30 
Sodium 0.92 0.89 0.89 0.87 0.98
Copper 0.04 0.04 0.04 0.0 0.04
Iron 0.11 0.12 0.13 0.14 0.14
Manganese 0.02 0.03 0.04 0.02  0.02
Zinc 0.06 0.07 0.05 0.09 0.03

Source:	Upshaw	et	al.	(1978)

Table	5.		 Vitamin	content	of	fresh	apples.

Vitamin	 Unit/100g	 With	skin	 Without	skin

Vitamin C mg 5.7 4.0
Vitamin B1 mg 0.02 0.02
Vitamin B2 mg 0.01 0.01
Niacin mg 0.08 0.09
Pantothenic acid mg 0.06 0.06
Vitamin B6 mg 0.05 0.05
Folacin μg 2.8 0.4
Vitamin A retinol equivalent 5.3 4.4
Vitamin B12 μg 0 0

Source:	Gebhardt	et	al.,	1982.
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nutritional quality. We anticipate that new apple cultivars with 
high antioxidants that provide health benefits will be developed 
soon.

Conclusion
 Many factors affect the chemical composition of plant foods. 
Likewise, in apple there exists significant variation of nutrients 
and bioactive chemicals among apple cultivars.  We have known 
for some time that apples are a natural mouth freshener, which are 
low in calories and an excellent source of fiber. More recent dis-
coveries show that apples are also an excellent source of bioactive 
phenolic phytochemicals that may provide special nutraceutical 
benefits compared to other common fruits. 
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Table	8.	 Composition	and	concentration	of	major	phenolic	compounds	in	six	apple	cultivars

	 	 	 	 Rhode
	 Golden		 	 	 Island
	 Delicious	 Cortland	 Monroe	 Greening	 Empire	 NY764	 Average
	

Phenolic	compound		 	 										(fresh	apples	with	skin,	mg/100g)

Chlorogenic acid   8.48   5.36 10.08 14.28 11.52   4.40   9.02
Epicatechin   7.12   8.32 10.72 19.16     2.28   4.32   8.65
Procyanidin B2   6.28 11.32   8.32 21.68   3.44     5.04   9.35
Quercetin-       
     arabinoside   2.16   2.40   4.44   2.88   2.76   1.56 
     xyloside   1.68   1.08   2.28   1.92   2.16   1.20 
     glucoside   2.40    1.56   2.40   1.20   2.40   0.36 
     galactoside   4.20   3.36    4.80   4.32   4.20   1.92 
     rhamnoside   3.84   2.28   3.12   4.08   3.84   2.40 
     glycosides       13.20
Phloretin-       
     glucoside   1.80   1.44   2.40   2. 08   2.80   1.84 
     xyloglucoside   1.92   3.20   4.92   5.88   1.72   3.56 
     glycosides         5.59

Total	 39.88	 40.32	 53.48	 77.48	 37.12	 26.60	 45.81

Source : Lee et al., 2003
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