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Background: 1H quantitative NMR (qNMR) has been utilized to assess the small molecule and 
carbohydrate chemistry of a large number of home-brewed and commercial alcoholic (hard) ciders. A 
quantitative chemistry distribution of the products of the various fermentations that occur in cider 
making was obtained. Malolactic fermentation as well as fermentation by saccharomyces and other wild 
yeasts occurs in the cider-making process which traditionally occurred without the intentional addition of 
yeast by the cider-maker. The distribution of small molecules produced by the yeast and bacterial 
metabolomes at work in the process can yield information of the sensory perception of ciders produced 
by the many variations of the cider making process that exist today. An investigation of the residual sugar 
chemistry of commercial ciders gives some indication of the process of back-sweetening some 
commercial cider products with sugar or unfermented juice additions after fermentation is complete. Dry 
ciders are readily characterized by their low residual sugar concentrations. A range of ciders are produced 
ranging from sweet draft cider fermented with saccharomyces yeast (fermentation arrested or back 
sweetened), to dry cask and bottle conditioned ciders (all or most of the sugar allowed to ferment), to 
very dry styles such as those found in the Basque region of Spain, brewed with wild yeasts where 
fermentation is taken to an extreme resulting in complete conversion of sugars to alcohol as well as 
glycerols to 1,3 propandiol.  
 

 

Figure 1: Component chemistry variability in common store-bought apples.  
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The kinetics of both sugar to ethanol fermentation as well as malolactic fermentation can be followed 
readily and time based brewing decisions calculated. Fermentation products caused by Enterobacter or 
wild yeasts can also be detected, particularly from the concentration of 2,3-butandiol which is formed 
directly by bacteria or by saccharomyces yeast that consume diacetyl during the fermentation process. 
 
Another aspect of NMR analysis is the ability to quantify the important chemical components in apple 
juices pressed at the beginning of the cider-making process. Detailed sugar chemistry distributions can be 
quantified as well as amino acids, malic acid, and other organic acid concentrations can be readily 
obtained. Figure 1 shows the relatively large variation of sugar, amino acid, tannin, and malic acid 
concentrations that occur between commonly available grocery apples. Figure 2 shows the sugar and 
organic acid region of the 1H NMR spectrum of the same series of apple juices with the vertical expansion 
that allows observation of amino acid and tannin concentrations. The amino acid information is 
informative concerning the nitrogen available to the yeast during the fermentation process. We are 
currently following the consumption of amino acids during fermentation as well as the introduction of 
amino acids from lysis of yeast. 

 

 

Figure 2: Amino acid and organic acid region of the 1H NMR spectrum. Showing the presence of tannins such as quinic acid and 

chlorogenic acid. Amino acids such as asparagine, threonine and alanine are observed as well as malic acid, lactic acid, succinic 

acid and acetic acid. 
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Figure 3 shows what can happen when a freshly pressed apple juice (in this case Fuji) is improperly stored 

at room temperature and exposed to peel of the apples for 5 days. The malic acid is completely converted 

to lactic acid by exposure to lactobacillus. A considerable concentration of succinic acid is also formed 

which will lead to off-flavor. This demonstrates the usefulness of a non-targeted analysis such as NMR in 

the observation of quality problems with starting raw materials such as apple juice. 

 

 

Figure 3: Comparison of the sugar and organic acid/alcohol/amino acid region of the 1H NMR spectrum of fresh pressed Fuji 

apple juice and the same juice stored at room temperature for 5 days and without filtering of apple peel and cellulose. 

 

Scheme 1 shows a generalized flow diagram of the cider-making process. There are many variations of 

this process that revolve around 1) the presence of a malolactic step, 2) whether back-sweetening will be 

performed, 3) whether the sample is pasteurized or the yeast activity curtailed by addition of sorbate, 4) 

will the cider be matured in wood or bottle conditioned. 
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Scheme 1: A general outline of the cider making process for production of sweeter ciders. In drier cider production or bottle 

conditioned ciders the back-sweetening and pasteurization steps may be skipped. 

{ŀƳǇƭŜ tǊŜǇŀǊŀǘƛƻƴΥ 

The only sample preparation step to be taken is a de-gassing procedure which we perform by repeated 

agitation in a vortex mixer. This is obviously not necessary for freshly pressed or stored apple juice. 

Original sample analysis ς 175ml of cider was added to a 5mm NMR tube followed by 100ml of internal 

standard solution prepared such that the concentration was 10mg per 100ml. Finally, 475ml of D
2
O was 

added to the sample and the tube capped and agitated for 10 seconds. 

Freeze dried samples ς 1000ml of cider was placed in a 2 dram vial and freeze dried in a Virtis Benchtop K 

and the entire dried sample was then dissolved in 650ml of D2O and 100ml of maleic acid internal 

standard solution (10mg/100ml) added and the sample agitated before transfer to a 5mm NMR tube. 

Standard Material: 

Maleic Acid (99.0%) ς Aldrich ς Lot#SLBC1970V - 10mg/100ml solution in D
2
O (99.9%D) 

Experimental: 

1H NMR experiments were carried out on a Varian Mercury MVX-300 equipped with a 5mm Varian ATB 

probe operating at a resonance frequency of 299.67 MHz, and on a Varian Mercury 300 equipped with a 

5mm Varian 4-Nucleus probe operating at 299.94. Experiments were performed with a p/3 pulse with an 
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8 kHz spectral width collecting 64k over an 8 second acquisition time and with a 7 second relaxation 

delay. For original cider samples 128 transients were co-averaged and for freeze dried samples 64 scans 

were co-averaged. All data was post-processed using Mestrelab MNova software version 10.0.1-14719.  

In the final data processing the maleic acid resonance at 6.4 ppm was normalized to 10 so that a direct 

calculation could be made of all measured components on a mg/L basis 

NMR Assignments:  

1H NMR yields complex spectra that comprise of the overlapping spectra of individual small molecules 

found in alcoholic (and non-alcoholic) beverages. Figure 4 shows the 1H NMR spectra of a number of 

components that are formed during fermentation. Each of the spectra is fully assigned with the protons 

of the molecule indicated in the spectra by number or letter. Also provided is the number of protons that 

each NMR peak represents. The peaks are split into various patterns called quartets, triplets, doublets, or 

multiplets. These splitting patterns are caused by interactions of the nuclear spins on adjacent carbons. 

They allow assignments to be verified by number of nearest neighbor interactions. Figure 5 shows a 

stacked series of spectra obtained on individual pure amino acids that are also found in juices and 

alcoholic beverages. Figure 6 shows the 1H NMR pure spectra of the three main sugar components of 

ciders, sucrose, glucose and fructose. The integrations that are utilized to quantify the sugar components 

are indicated in this figure. For fructose it is necessary, in the presence of sucrose, to utilize certain 

resonances that are not overlapped by glucose or sucrose resonances. These resonances are indicated in 

the figure as well as the number of protons that the peaks represent in the fructose molecule. 

A number of example cider spectra are provided in Figures 6-10 with molecular assignments indicated on 

the spectrum. 

When 1H NMR spectra of cider beverages are analyzed it is the chemical shift position and the splitting 

pattern that is used to identify a signal from a component molecule. The integrated signal intensity of the 

peak is utilized to quantify the relative intensity of that peak compared to the intensity of an internal 

standard peak (in this case 10 mg of maleic acid (singlet peak at 6.4 ppm)). The molar ratios of the unique 

integrated component signals compared to the maleic acid signal allows a weight to volume 

concentration to be calculated based on molecular weights, peak areas and the known weight of maleic 

acid in solution.  

Calculations: This study centered on commercial hard ciders taken off the shelf at quality beverage 

centers. At this point in the study we have not attempted to follow fermentation chemistry or product 

consistency. Rather we have focused on the finished product and what small organic acid, fusel alcohol, 

tannin, and residual/back blended sugar chemistry can be readily quantified by a rapid screening NMR 

analysis.  

The following volatile components were always obtained on the fresh cider sample as the freeze drying 
process would compromise the amount present: ethanol, acetic acid, fusel alcohols (isobutanol, 
isopentanol (isoamyl alcohol), and 1-propanol). The calculation utilized to quantify these components 
was: 

Component mg/L = 0.99 * 10 mg * ((Icomp
 
/ Ncomp) / 50) * (Mwcomp / 116.1) * (1,000,000 / 175)         Eq. 1 

Where, wt of maleic acid = 10mg, Icomp
 
= Integration of component resonance, Ncomp = number of protons 

integrated, IMA/NMA = 50 (MA integral set as 100), Mwcomp
 
= molecular weight of component molecule, 
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MW of Maleic Acid = 116.1 amu, the 1,000,000/175 factor rectifies the volumetric component of the 
calculation to allow mg/L to be calculated. 0.99 represents the 99% purity of the maleic acid standard. 

The following non-volatile components were always obtained on the freeze dried sample: lactic acid, 
acetic acid, succinic acid, malic acid, citrate, fructose, glucose, sucrose, glycerol, quinic acid. The 
calculation utilized to quantify these components was: 
 

Component mg/L = 0.99 * 10 mg * ((Icomp
 
/ Ncomp) / 50) * (Mwcomp/ 116.1) * (1,000,000 / 1,000)      Eq. 2 

 

Where, wt of maleic acid = 10 mg, Icomp
 
= Integration of component resonance, Ncomp = number of protons 

integrated, IMA/NMA = 50 (MA integral set at 100), Mw
comp

 = molecular weight of component molecule, 

MW of Maleic Acid = 116.1 amu, the 1,000,000/1,000 factor rectifies the volumetric component of the 
calculation to allow mg/L to be calculated. 0.99 represents the 99% purity of the maleic acid standard. 

Figure 4: 1H NMR spectra of individual molecular components found in fruit juices and fermented beverages. Molecular 

assignments of the various NMR peaks representing proton chemistries present in each molecule are show along with the mole 

number of protons that each peak represents. These pure component spectra are utilized to identify and quantify the components 

present in the complex mixture that is the beverage. 
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Figure 5: 1H NMR spectra of pure amino acids that can be present in fruit juices and fermented beverages. Amino acids are often 

consumed by yeast and bacteria and for the basic building blocks for cell reproduction. 

 

Results and Discussion: Figure 6 shows the 1H NMR spectrum of Magners cider a popular Irish cider 

produced by Bulmers. From this spectrum we have calculated the ethanol, fusel alcohols (isobutanol, 

isopentanol, 1-propanol), methanol, and acetic acid concentrations. In all cases we have listed the 

calculated ethanol value from NMR analysis as well as the alcohol content provided by the manufacturer 

on the label. It is accepted that the label value of non-bottle conditioned ciders will be within 0.5% of the 

actual value as the alcohol content is typically calculated from the original and final gravity of the juice 

and cider. Figure 7 shows the same sample after freeze drying. In Figure 7 we show the 1H NMR spectrum 

of the freeze dried cider which is utilized to quantify all other non-volatile components of the sample ς 

lactic acid, malic acid, succinic acid, citric acid, acetic acid, quinic acid, sucrose, glucose, fructose, glycerol 

(in dry ciders where the glycerol signals are not obscured by sugar signals), 2,3-butandiol, 1,3-propandiol, 

sorbate additive, epicatechins, chlorogenic acid, valine, alanine, asparagine, isoleucine, threonine, ethyl 

acetate, acetaldehyde. 

 


