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Nine years after first landing at Plymouth Rock, European colonists planted 
apple trees in Massachusetts Bay (Orton, 1995). By the 1670s, orchards 
in New England were producing up to 500 barrels or a little more than 
32,000 gallons of cider annually (Bender, 2009). In 1721, several vil-
lages in New England reported cider production of more than 192,000 
gallons per year (Williams, 1990). It became common for homesteads to in-
clude an apple orchard, and fermentation provided a means to extend the 
shelf life of apples beyond the growing season (Orton, 1995). Cider was the  
most popular alcoholic beverage made and consumed in the U.S. until 
the early 1900s. Mass migration of populations from farms to cities during 
the Industrial Revolution resulted in the abandonment of orchards and a drop 
in the supply of fruit. At the same time, mass immigration of beer-drinking  
Europeans to urban areas provided for the rise of a new beverage culture 
that was fueled by the availability of inexpensive grain from the Midwest. As 
a result of Prohibition—a constitutional ban on the production of alcohol 
for trade from 1920 to 1933—cider’s share in the beverage market sharply 
declined. The production of cider plummeted from a peak of 55 million  
gallons in 1899 to 13 million gallons in the late 1930s (Watson, 1999). The 
tradition of cidermaking, which by then was virtually absent on a large commer-
cial scale, would be kept alive merely by farmers and enthusiasts (Orton, 1995).

The rise of the craft beverage movement in the last decade has resulted in 
cider experiencing a re-birth. From 2012 to 2016, the industry experienced 
an annualized growth rate of 27.3%, reaching $300.4 million in revenue, 
and for the next five years it is projected to continue growing at a more sus-
tainable rate of 1.2% (Petrillo, 2016). As of 2016, there were 608 reported 
cidermakers across 44 states and the District of Columbia, with New York, 
Michigan, and California fostering more than 60 cidermakers each (Statista, 
2017). Washington State, the top dessert apple-producing state in the U.S., 
experienced a 22-fold increase in the volume of cider produced in the last 
10 years, from under 50,000 gallons in 2007 to nearly 1,000,000 gallons in 
2016 (Alcohol and Tobacco Tax and Trade Bureau, 2017).
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Cider apple cultivars in the U.S. have traditionally been categorized 
 according to the English classification system, a system focused specifically on 
fruit acidity and tannin levels (Table 1). Bittersweets (e.g., “Brown Snout” and 
“Dabinett”) and bittersharps (e.g., “Kingston Black” and “Porter’s Perfection”) 
have been the most sought after cultivars for producing high quality, full-bodied 
ciders (Williams, 1975; Bore and Fleckinger, 1997), but they represent only a 
minority of what is planted and available to cidermakers across the country. Of 
the 74 cider apple cultivars maintained in the WSU Mount Vernon NWREC 
collection, less than half have been classified as a bittersweet or bittersharp 
per their performance in a maritime climate. Sweets (e.g., “Gravenstein” and 
“Jonagold”) are the least desired cultivars, but currently are the most util-
ized on a volume basis, as they are most readily available and cost effective 
(Merwin et al., 2008; Moulton et al., 2010). In Washington State for example, 
the 2015 average price point for cider apples was $0.375 per lb and for cull 
dessert apples $0.17 per lb (NWCA et al., 2016).

Quantification of cider apple juice acidity and tannin levels has trad-
itionally been accomplished utilizing titrimetry. Fruit acidity, specifically 
 titratable acidity (TA), can be measured by incrementally adding a strong 
base such as sodium hydroxide (NaOH) to a sample of diluted juice until a 
visually confirmed (utilizing a color indicator such as phenolphthalein) or 
pH monitored (utilizing a pH meter) neutralization point is reached (Fig. 1). 
TA is measured in units of malic acid equivalents, as malic acid is the pre-
dominant organic acid in cider apples. TA in percent malic acid equivalents 
is quantified using the following equation:
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where: N = normality of titrant(commonly sodium hydroxide),
V = volume of titrant,
Eq.wt = equivalent weight of acid of interest,
v = volume of sample.

Fruit tannin, specifically titratable tannin (TT), can be measured by in-
crementally adding the strong oxidizing agent potassium permanganate 

Table 1. Cider apple classification system developed in England at the Long Ashton 
Research Station (LARS) in Bristol (Barker, 1903).

English classification Tannin (%)1 Acid (%)2

Bittersweet > 0.20 < 0.45
Bittersharp > 0.20 > 0.45
Sharp < 0.20 > 0.45
Sweet < 0.20 < 0.45

1Tannin expressed as tannic acid equivalents, in percent.
2Titratable acidity expressed as malic acid equivalents, in percent.
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Fig. 1. Titratable acidity measurement setup (left to right): titrant in an 
 electronic burette (0.2 N sodium hydroxide; digitrate 50 mL, Jencons  Scientific 
Ltd, Bridgeville, PA), diluted juice sample (25 mL juice, 100 mL water, and 
a small magnetic stir bar) on a stir plate (310 Magnetic Stirrer, VWR Scientific, 
Radnor, PA), and pH meter (Starter 5000 pH Bench, OHAUS, Parsippany, NJ) 
(photo courtesy T. Alexander, WSU).

Fig. 2. Titratable tannin assay before and after diluted juice sample (blue; 
1 mL juice, 150 mL water, and 5 mL acidified indigo carmine solution) and fully 
 titrated juice sample (yellow; juice, indigo carmine, and titrant), both on a stir 
plate (310 Magnetic Stirrer, VWR Scientific, Radnor, PA) with a manual glass 
burette with titrant (pink; 0.005 M potassium permanganate) (photo courtesy 
T. Alexander, WSU).
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(KMnO4) to a sample of diluted juice until a visually confirmed (utilizing the 
redox indicator indigo carmine) equivalence point (Fig. 2). TT is measured 
in units of tannic acid equivalents. TT in percent tannic acid equivalents is 
quantified using the following equation:

TT
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It is important to note that this TT method provides for a measure of oxi-
dizable compounds in general, delivering an inexact indicator of bitterness 
and astringency or even of polyphenols in general. Research is underway at 
universities such as WSU, Cornell, and Virginia Tech to develop an analyt-
ical protocol for identifying and quantifying sensory influential tannins in 
cider apples.
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