'H qNMR of Alcoholic Cider — Detailed Chemical Component Distribution
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Background: 'H 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
guantitative 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.
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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
guantified 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 *H 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.
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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.



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.
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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.

Sample Preparation:

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 — 175pul of cider was added to a 5mm NMR tube followed by 100ul of internal
standard solution prepared such that the concentration was 10mg per 100ul. Finally, 475ml of D_O was

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

Freeze dried samples — 1000ul 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 D,O and 100ul 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%) — Aldrich — Lot#SLBC1970V - 10mg/100upl solution in 0,0 (99.9%D)

Experimental:

'H 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



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:

'H 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 *H 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 *H 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 *H 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 * ((lcomp/ Ncomp) / 50) * (MWcomp / 116.1) * (1,000,000 / 175) Eg. 1

Where, wt of maleic acid = 10mg, lcomp = Integration of component resonance, Ncomp = NumMber of protons
integrated, Ima/Nma = 50 (MA integral set as 100), Mwcomp = molecular weight of component molecule,



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 * ((lcomp/ Neomp) / 50) * (MWeomp/ 116.1) * (1,000,000 / 1,000)  Eq.?2
Where, wt of maleic acid = 10 mg, lcomp = Integration of component resonance, Ncomp = NuMber of protons
integrated, Ima/Nma = 50 (MA integral set at 100), chomp = 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.
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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 'H 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 *H NMR spectrum
of the freeze dried cider which is utilized to quantify all other non-volatile components of the sample —
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.
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Figure 6: Magners Cider — assignments of the components quantified in the 1H gNMR analysis — spectrum was obtained with
water suppression on a 175ml aliquot of freshly degassed cider. This sample was the excpetion to the rule in the experimental
process in that 20 mg of maleic acid was added to the sample. Sucrose, glucose and fructose are observed in the sample and
relatively high quinic acid indicating considerable tannin content.

For each of the ciders we have calculated the organic acid concentrations (malic, lactic, citric, acetic,
succinic) — see Table Il. The distribution of organic acids in the 60 ciders analyzed is summarized in Figure
11. The ethanol concentration was obtained in mg/L, and %ABV — and we have also listed the ethanol
content as stated on the label of the cider product bottles —also see Table Il. Table Il shows the
calculated residual sugar distribution (fructose, glucose, sucrose) for all 60 cider samples and the
distribution is illustrated in Figure 12.

A further step in the analysis was taken by calculating the calories in the cider products that arise from
the residual sugars (4 Cal/g), the ethanol (7 Cal/g), and the organic acids (3 Cal/g). The calculated calorie
values are shown in Table IV and summarized in Figure 14. The NMR analysis does not observe proteins
due to their high molecular weight and the concentration of fats appears to be below the detection limit
of the NMR experiment. Thus, the calorie calculation does not include a contribution from proteins or
fats, which would appear to be a negligible contribution. Figure 15 shows a table block chart of the calorie
content of a 12 oz serving of each of the 60 commercial ciders that were analyzed.
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Figure 7: 1H NMR spectrum of freeze dried Magners Cider. Assignments of chemical components included.

In Figure 8 we show another European Cidre manufactured by Stella Artois. This cider does not contain
any residual sucrose and has a much lower lactic acid concentration and higher malic than the Magners
cider product. Many commercial cider products are fermented to produce ethanol and then the
fermentation is arrested by addition of SO,, sorbate or by filtering the yeast out of the cider. The dry cider
that is produced by the fermentation is then sweetened by addition of sugars or fresh apple juice. In
many malolactic fermentation is not allowed to proceed. The Stella product seems to be typical of this
approach whereas the Magners cider appears to be allowed to begin malolactic fermentation which is
then arrested and sweetener added. These draft style ciders are often curtailed at the end of the initial
fermentation and are not allowed to develop a malolactic fermentation. Malic acid is still substantially
present and little to no lactic acid is observed.

If a non-sweet dry cider is desired the cider is not sweetened at the end of the initial alcohol fermentation
stage. This yields a finished cider with little to no observable sugar. A second stage of fermentation
(malolactic) can also be initiated when the initial saccharomyces fermentation is near completion or when
the cider is racked of it’s lees and placed in a secondary fermenter. This malolactic fermentation can
occur spontaneously in warm conditions or when the cider is brought into contact with barrels containing
lactic acid bacteria (LAB) or will occur when the cider maker innoculates the cider with LAB. The
conversion of malic acid to lactic acid in this process is desirable as it mellows the acidity of the cider also
contributes tastes (such as clean barnyard aroma) and mouthfeel. In Figure 9 we
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Figure 8: 1H NMR spectrum of Stella Artois Cidre with assignments of the components quantified.
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Figure 9: 1H NMR spectrum of the freeze dried sample of Etienne Dupont Cidre Triple which shows very low residual sugar
content as well allowing easy observation and quantitation of glycerol in the sample. Also demonstrates high quinic acid and
polyphenol concentrations.
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show the spectrum of a dry cider that has fermented to the point that there is very low residual sugar
concentration. Malolactic fermentation has occurred leading to a large decrease in the amount of malic
acid in the cider which is counterpointed by a rise in lactic acid content. When sugar signals are
eliminated from the NMR spectrum it becomes much easier to identify the glycerol resonances that are
usually obscured by sugar signals. It is possible to accurately quantify glycerol content in these dry ciders.
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Figure 10: 'H NMR spectrum of a Spanish (Basque Style) cider that is fermented to final dry state where all sugars, malic acid
and even some glycerol is consumed by the yeast producing alcohol, lactic acid and 1,3-propandiol, respectively.

In Spain a very dry cider (sidra) is produced based on predominantly wild yeast and the cider is allowed to
age in large barrels where it undergoes complete malolactic fermentation. The yeast involved in
producing this cider also continue to ferment an extra step when the sugars have been consumed and
they begin converting the glycerol produced in the initial fermentation into 1,3-propandiol. This lends a
strong astringency to the cider. Figure 10 shows a spectrum of one such cider.
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Table II: Organic Acids and Ethanol Content of 60 Commercial Ciders Obtained by *H gqNMR Analysis

Lactic | Succinic | Acetic | Malic Label

Acid Acid Acid Acid Ethanol | Ethanol | Ethanol
Sample mg/L mg/L mg/L mg/L mg/L % v/v %v/v
Homemade Cider #1 5528 494 1716 0 56256 7.1 -
Homemade Cider #2 6770 494 2504 0 64000 8.1 -
Homemade Cider #3 4878 465 730 0 51627 6.5 -
JK Scrumpy Famhouse Cider 2674 706 1274 4013 45766 5.8 6.0
Harpoon Craft Cider 237 378 79 6072 34428 4.4 4.8
Stella Artois Cidre 296 145 158 4752 34806 4.4 4.5
Etienne Dupont Cidre Triple 3156 1123 256 993 84603 10.7 11.0
Etienne Dupont - Cidre Bouche Brut de Normandie 3032 701 434 2310 51702 6.6 5.5
Crispin Hard Apple Cider 1537 319 769 2178 51082 6.5 5.8
Strongbow Gold Apple Cider 714 168 158 3708 42324 5.4 5.0
WoodChuck - Out on a Limb - Spitter Splinter 155 310 99 4158 42430 5.4 5.5
Woodchuck Gumption Hard Cider 124 244 79 5359 43322 5.5 5.5
Woodchuck 802 Hard Cider 135 193 99 3858 36939 4.7 5.0
Woodchuck Amber Cider 186 173 138 4366 37015 4.7 5.0
Thatcher's Green Goblin - Oak Aged English Cider 1314 457 99 1502 49070 6.2 6.6
Magners Pear Cider 72 239 138 393 37605 4.8 4.5
Magners Original Irish Cider 916 279 148 1947 35133 45 4.5
Doc's Draft Cider 3047 442 177 2368 40267 5.1 5.0
Blackthorn English Cider 445 320 256 3916 48738 6.2 6.0
ACE California Apple Cider 103 264 256 9876 41522 53 5.0
Docs Draft Gold Rush Hard Cider 512 783 256 6618 59478 7.5 7.2
Sarasola Original Basque Cider 4795 479 2240 0 50462 6.4 6.0
Pitchfork Cider 4976 546 905 59 57316 7.3 6.9
Cidre Breton Traditionnel 2179 322 371 1505 34378 4.4 4.5
Hudson Valley Farmhouse Cider Bourbon Barrel 3707 801 1071 528 72698 9.2 6.8
Maeves Hudson Valley Cider 5446 781 1055 1300 56833 7.2 6.5
NinePin CiderWorks Belgian Hard Cider 715 409 95 3432 57301 7.3 6.3
NinePin CiderWorks NY Hard Cider 142 598 146 5729 52025 6.6 6.7
IronWood Hard Cider 509 322 93 4145 47351 6.0 6.0
Samuel Smiths Organic Cider 928 267 156 3789 41649 53 5.0
Bad Seed Hard Cider 101 305 205 5967 61017 7.7 6.9
Bad Seed - Bourbon Barrel Reserve 266 662 124 6462 69096 8.8 6.5
Bad Seed Farmer Saison 95 462 213 5392 65092 8.2 6.9
DowngEast Original Cider - Batch X 101 343 57 4633 50647 6.4 5.1
DownEast Original Cider - Batch Y 2643 325 327 1914 52070 6.6 5.1
DownEast Honey Cider 1857 421 81 99 29258 3.7 5.1
DownEast Cranberry Cider 30 206 65 3657 24969 3.2 5.1
Awestruck Eastern Dry Cider 77 613 183 3914 60706 7.7 6.8
Awestruck Cider - Pink 1209 662 264 3399 55617 7.0 6.8
Naked Flock - Lemon and Ginger 136 378 256 2515 41795 5.3 6.8
Naked Flock Hard Cider 1247 610 335 6907 59538 7.5 6.8
Citizen Cider - Dirty Mayor 95 534 177 5036 47957 6.1 6.9
Citizen Cider - The Full Nelson 532 520 134 4686 50868 6.4 6.9
Citizen Cider - Unified Press 171 514 65 5254 53298 6.8 6.8
Homemade - Baldwin Crisp Green RI 3426 865 424 640 57995 7.4 -
Angry Orchard - Straw Man 154 944 440 7768 86996 11.0 10.0
Angry Orchard - Stone Dry 118 409 128 2990 42194 5.3 5.5
Angry Orchard - Ginger Crisp 118 468 150 4917 39860 5.1 5.0
Angry Orchard Traditional Dry Cider 124 457 217 5198 43912 5.6 5.5
Angry Orchard Summer Honey 124 517 30 3366 42130 5.3 5.0
Angry Orchard Crisp Apple 101 424 146 4851 40771 5.2 5.0
Angry Orchard Green Apple 106 560 45 4442 43381 5.5 5.0
E.Z. Orchards - Roman Beauty 3329 738 584 172 36090 4.6 4.2
E.Z. Orchards - Hawkhaus 4916 700 223 627 53909 6.8 6.6
E.Z. Orchards - Poire 3163 604 375 733 47289 6.0 59
1911 Cider - Original 101 317 140 7993 51029 6.5 55
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Table IIl: Residual Sugar, Glycerol, Fusel Alcohol, Sorbate, 1,3-Propandiol, and Quinic Acid
Concentrations obtained by *H gqNMR Analysis

1,3- Quinic | Chlorogenic
Sucrose | Glucose | Fructose |Propandiol | Glycerol | Acid Acid Isobutanol | Isopentanol | Sorbate | Citrate

Sample mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Homemade Cider #1 0 0 0 3895 0 0 0 97 231 0 0
Homemade Cider #2 0 0 0 3671 0 0 0 68 145 0 0
Homemade Cider #3 0 6302 8175 0 4646 497 580 49 231 0 0
JK Scrumpy Famhouse Cider 403 10876 | 52790 0 NC 0 0 55 132 0 0
Harpoon Craft Cider 0 2514 24676 0 5892 348 397 61 116 0 0
Stella Artois Cidre 0 22883 | 21251 0 NC 314 275 24 58 0 0
Etienne Dupont Cidre Triple 295 745 0 0 6799 828 1343 73 174 0 0
Etienne Dupont - Cidre Bouche Brut de Normandie 0 652 15782 0 6176 563 809 49 116 0 0
Crispin Hard Apple Cider 2181 | 20754 | 2566 0 NC 0 0 49 116 0 0
Strongbow Gold Apple Cider 1002 | 51965 | 31303 0 4646 265 336 24 58 0 0
WoodChuck - Out on a Limb - Spitter Splinter 15975 | 10337 | 14877 0 7649 215 610 49 231 0 0
Woodchuck Gumption Hard Cider 35428 | 8847 | 15755 0 NC 397 549 49 87 0 0
Woodchuck 802 Hard Cider 1710 | 31197 | 23189 0 NC 99 183 24 29 0 0
Woodchuck Amber Cider 1710 | 48053 | 33209 0 NC 149 214 24 58 0 0
Thatcher's Green Goblin - Oak Aged English Cider 0 25982 | 14799 0 NC 281 549 49 116 0 0
Magners Pear Cider 0 29987 | 28445 0 NC 166 168 24 87 147 2896
Magners Original Irish Cider 16876 9206 7263 0 NC 151 253 27 52 0 0
Doc's Draft Cider 531 12572 | 24911 0 NC 298 214 49 145 221 0
Blackthorn English Cider 5659 | 18346 | 10803 0 NC 298 519 24 87 0 0
ACE California Apple Cider 0 13783 | 22698 0 NC 348 488 24 58 147 0
Docs Draft Gold Rush Hard Cider 0 838 937 0 4816 248 244 73 202 331 0
Sarasola Original Basque Cider 0 0 0 2465 312 0 0 41 62 0 0
Pitchfork Cider 0 373 0 0 NC 274 244 50 123 0 0
Cidre Breton Traditionnel 539 6971 | 31516 0 NC 520 419 16 32 0 0
Hudson Valley Farmhouse Cider Bourbon Barrel 0 745 0 0 NC 331 340 a4 104 0 0
Maeves Hudson Valley Cider 505 6705 11504 0 1212 0 0 26 72 0 0
NinePin CiderWorks Belgian Hard Cider 0 10004 | 21576 0 1280 208 279 22 94 121 0
NinePin CiderWorks NY Hard Cider 0 9685 | 21286 0 997 189 253 35 98 114 0
IronWood Hard Cider 741 10324 | 20715 0 NC 95 113 17 48 74 0
Samuel Smiths Organic Cider 15664 6865 6393 0 NC 407 785 24 46 0 0
Bad Seed Hard Cider 0 0 0 0 907 199 122 17 56 0 0
Bad Seed - Bourbon Barrel Reserve 0 0 0 0 1207 369 410 68 174 0 0
Bad Seed Farmer Saison 0 905 0 0 1190 189 253 35 98 114 0
DownEast Original Cider - Batch X 1280 | 16231 | 41273 0 NC 293 384 51 202 136 0
DownEast Original Cider - Batch Y 4413 19264 | 41434 0 0 208 209 44 171 269 0
DownEast Honey Cider 0 18093 | 19547 0 NC 132 61 61 133 224 0
DowneEast Cranberry Cider 0 17508 | 30990 0 NC 643 872 22 78 221 1201
Awestruck Eastern Dry Cider 6670 9526 8635 0 1127 218 340 54 174 0 0
Awestruck Cider - Pink 0 48107 | 39385 0 NC 615 610 68 188 0 0
Naked Flock - Lemon and Ginger 0 24053 | 20777 0 NC 454 227 36 93 210 889
Naked Flock Hard Cider 413 18160 | 30212 0 NC 166 168 24 58 147 0
Citizen Cider - Dirty Mayor 0 13091 | 27082 0 NC 416 183 46 150 158 747
Citizen Cider - The Full Nelson 0 4310 9370 0 810 246 270 46 148 136 0
Citizen Cider - Unified Press 0 9206 | 19784 0 1116 568 288 75 148 0 0
Homemade - Baldwin Crisp Green RI 842 2182 3983 0 1059 331 793 66 174 0 0
Angry Orchard - Straw Man 0 6120 9739 0 1439 492 854 100 272 0 0
Angry Orchard - Stone Dry 5726 4630 5690 0 799 189 384 51 81 0 0
Angry Orchard - Ginger Crisp 19268 | 18838 | 13856 0 NC 463 497 54 133 0 0
Angry Orchard Traditional Dry Cider 26173 | 10710 9254 0 NC 314 320 49 145 0 0
Angry Orchard Summer Honey 29374 9579 10041 0 NC 85 305 27 81 0 0
Angry Orchard Crisp Apple 36077 | 10004 9639 0 NC 293 305 27 74 0 0
Angry Orchard Green Apple 43521 9419 9405 0 NC 199 244 29 81 0 0
E.Z. Orchards - Roman Beauty 0 2022 | 22577 0 1082 445 497 39 93 0 0
E.Z. Orchards - Hawkhaus 0 0 0 0 941 397 436 49 124 0 0
E.Z. Orchards - Poire 0 1969 0 0 958 161 166 56 130 0 0
1911 Cider - Original 0 8035 | 18502 0 NC 331 331 41 130 258 0
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Table IV: Calorie Values for 60 Commercial Ciders Broken Down Between Carbohydrates (4 Cal/g),
Ethanol (7 Cal/g), Glycerol (4 Cal/g), and Organic Acids (3 Cal/g)

Organic
Carbs | Ethanol | Acids |Glycerol Total Cal
Sample Cal/L Cal/L Cal/L Cal/L Cal/L | Cal/120z | Cal/160z |Cal/ ImpPint
Homemade Cider #1 0 394 23 0 417 151 201 241
Homemade Cider #2 0 448 29 0 477 173 230 276
Homemade Cider #3 58 361 18 19 456 165 220 264
JK Scrumpy Famhouse Cider 256 320 26 NC 603 218 291 349
Harpoon Craft Cider 109 241 20 24 394 142 190 228
Stella Artois Cidre 177 244 16 NC 436 158 210 253
Etienne Dupont Cidre Triple 4 592 17 27 640 231 309 371
Etienne Dupont - Cidre Bouche Brut de Normandie 66 362 19 25 472 171 227 273
Crispin Hard Apple Cider 102 358 14 NC 474 171 229 274
Strongbow Gold Apple Cider 337 296 14 19 666 241 321 386
WoodChuck - Out on a Limb - Spitter Splinter 165 297 14 31 507 183 244 293
Woodchuck Gumption Hard Cider 240 303 17 NC 561 203 270 325
Woodchuck 802 Hard Cider 224 259 13 NC 496 179 239 287
Woodchuck Amber Cider 332 259 15 NC 606 219 292 351
Thatcher's Green Goblin - Oak Aged English Cider 163 343 10 NC 517 187 249 299
Magners Pear Cider 234 263 3 NC 499 181 241 289
Magners Original Irish Cider 133 246 10 NC 389 141 188 225
Doc's Draft Cider 152 282 18 NC 452 163 218 262
Blackthorn English Cider 139 341 15 NC 495 179 239 287
ACE California Apple Cider 146 291 31 NC 468 169 226 271
Docs Draft Gold Rush Hard Cider 7 416 25 19 467 169 225 271
Sarasola Original Basque Cider 0 353 23 1 377 136 182 218
Pitchfork Cider 1 401 19 NC 422 153 204 244
Cidre Breton Traditionnel 156 241 13 NC 410 148 198 237
Hudson Valley Farmhouse Cider Bourbon Barrel 3 509 18 NC 530 192 256 307
Maeves Hudson Valley Cider 75 398 26 5] 503 182 243 291
NinePin CiderWorks Belgian Hard Cider 126 401 14 5 547 198 264 316
NinePin CiderWorks NY Hard Cider 124 364 20 4 512 185 247 296
IronWood Hard Cider 127 331 15 NC 474 171 228 274
Samuel Smiths Organic Cider 116 292 15 NC 423 153 204 245
Bad Seed Hard Cider 0 427 20 4 450 163 217 261
Bad Seed - Bourbon Barrel Reserve 0 484 23 5 511 185 246 296
Bad Seed Farmer Saison 4 456 18 5 483 174 233 279
DownEast Original Cider - Batch X 235 355 15 NC 605 219 292 350
DowneEast Original Cider - Batch Y 260 364 16 0 641 232 309 371
DownEast Honey Cider 151 205 7 NC 363 131 175 210
DownEast Cranberry Cider 194 175 12 NC 381 138 184 220
Awestruck Eastern Dry Cider 99 425 14 5 543 196 262 315
Awestruck Cider - Pink 350 389 17 NC 756 273 364 438
Naked Flock - Lemon and Ginger 179 293 10 NC 482 174 232 279
Naked Flock Hard Cider 195 417 27 NC 639 231 308 370
Citizen Cider - Dirty Mayor 161 336 18 NC 514 186 248 298
Citizen Cider - The Full Nelson 55 356 18 3 432 156 208 250
Citizen Cider - Unified Press 116 373 18 4 512 185 247 296
Homemade - Baldwin Crisp Green RI 28 406 16 4 454 164 219 263
Angry Orchard - Straw Man 63 609 28 6 706 255 340 409
Angry Orchard - Stone Dry 64 295 11 3 374 135 180 216
Angry Orchard - Ginger Crisp 208 279 17 NC 504 182 243 292
Angry Orchard Traditional Dry Cider 185 307 18 NC 510 184 246 295
Angry Orchard Summer Honey 196 295 12 NC 503 182 243 291
Angry Orchard Crisp Apple 223 285 17 NC 525 190 253 304
Angry Orchard Green Apple 249 304 15 NC 569 206 274 329
E.Z. Orchards - Roman Beauty 98 253 14 4 370 134 178 214
E.Z. Orchards - Hawkhaus 0 377 19 4 401 145 193 232
E.Z. Orchards - Poire 8 331 15 4 357 129 172 207
1911 Cider - Original 106 357 26 NC 489 177 236 283
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Organic Acids Distribution - 60 Commercial Hard Ciders
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Figure 11: *H NMR Derived Distribution of Organic Acids in 60 Commercial Hard Ciders
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Residual Sugar Analysis in 60 Commerical Ciders
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Figure 12: 'H NMR Derived Distribution of Residual Sugars found in 60 Commercial Hard Ciders



Calories from Carbs, Ethanol, and Organic Acids
60 Commercial Ciders
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Figure 13: *H NMR Derived Calories Due to Residual Carbohydrates, Ethanol, and Organic Acids for 60
Commercial Hard Ciders
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60 Commercial Ciders
Calories per 12 Oz Bottle Cal/120z
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Figure 14: *H NMR derived calorie values for 12 ounce servings of 60 Commercial Ciders
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Conclusion: 'H NMR analysis can reveal very detailed chemical fingerprint information on apple juices
and alcoholic ciders and can allow a critical understanding of the fermentation processes involved in
producing artisanal ciders. For more information on how these analyses may improve your cider
production processes from the orchard to the bottle contact John Edwards at Process NMR Associates
for your analysis needs.
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