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Research: Tools
Comparison of Digital Refractometers for Use 
by Maple Producers
Morgan W. Southgate and Timothy D. Perkins
University of Vermont, Proctor Maple Research Center

Refractometers: continued on page 12

For the contemporary sugar-mak-
er, a refractometer can be an in-
dispensable tool for measuring 

the sugar concentration of sap, con-
centrate, and syrup. Refractometers 
directly measure the index of refraction 
– the degree to which light is bent while 
passing through the sample. The index 
of refraction is linked to the dissolved 
sugar concentration (density) of the 
solution. Measurements of sap concen-
tration can enable the identifi cation of 
particularly sweet (or non-sweet) trees, 
verify the sugar concentration from 
reverse osmosis machines and test for 
sugar loss from membranes, and mea-
surements of syrup provide a quick 
method of determining when syrup 
density is acceptable. 

The Brix scale is commonly used 
in the maple industry to represent the 
concentration of sugar by mass in a 
solution of sugar and water. Since ap-
proximately 98% of the solids dissolved 
in maple syrup are sugars (North 
American Maple Syrup Producers 
Manual 2006) the Brix scale can be con-
sidered interchangeable with the per-
centage of sugar in syrup for all but the 
most precise analyses. The Brix scale is 
measured in degrees, where one ⁰ Brix 
is equal to one percent sugar by mass, 
so that a solution of 1 ⁰Brix has a con-
centration of 1 g pure sugar per 100 g 
solution. 

Many kinds of refractometer are 
available for purchase, including both 
digital and optical varieties. Optical re-
fractometers have a prism onto which 

a few drops of the sample is placed 
and then distributed evenly with a top 
cover. The measurement in ⁰Brix is ob-
tained by looking through the eyepiece 
and fi nding the shadow line on the Brix 
scale of the prism. Digital refractom-
eters have a sample dish or well into 
which the sap, concentrate, or syrup is 
added, and at the press of a butt on the 
measurement is displayed numerically 
on a screen. Most digital refractometers 
can be used to measure the sugar con-
centration across the range from sap 
and syrup, while the majority of opti-
cal refractometers have a more limited 
scale, restricting use to either sap and 
low levels of concentrate for some, or 
very high levels of concentrate and syr-
up for others.

The purpose of the present experi-
ment was to test the precision of a vari-
ety of digital refractometers available to 
maple producers. Additionally, the ef-
fect of temperature on refractometer ac-
curacy and precision was investigated, 
in order to assess the reliability of the 
automatic temperature compensation 
feature now present in the majority of 
refractometers. Such technology is nec-
essary because the density of solutions 
is aff ected by changing temperature, 
and therefore measurements of refrac-
tive index are also altered. 

Methods

 Multiple brands of both optical 
and digital refractometers were used 
to measure the sugar concentration of 
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Refractometers: continued on page 14

Refractometers: continued from page 11

sap, diff erent levels of concentrate, and 
syrup, in ⁰Brix. 

• 5 Palm Abbe digital handheld re-
fractometers: PA 202 (2), PA 202x, PA 
203 (2)

• 4 Pocket-Pal digital handheld re-
fractometers: Pocket-Pal (2), Pocket-Pal 
3 (2)

• 1 Milwaukee MA871 digital refrac-
tometer

• Variety of optical refractometers

All refractometers were cleaned pri-
or to use by lightly spraying distilled 
water onto the sample dish or prism 
surface and wiping dry with a clean ab-
sorbent cloth. Between each trial, all re-
fractometers were cleaned by the same 
method. Distilled water was also used 
for calibration, in amounts specifi ed by 
the instruction manual of each individ-
ual digital refractometer. The sample 
dish of digital refractometers is more 
diffi  cult than the fl at prism surface of 
optical refractometers to clean com-
pletely, and so all digital refractometers 
were tested with distilled water prior 
to each trial to ensure that no residual 
sugars were present in the sample dish. 
If a result over 0.0 ⁰ Brix was obtained, 
the sample dish was cleaned again and 
re-tested with distilled water. If dis-
tilled water measured under 0.0 ⁰ Brix, 
the refractometer was re-calibrated.

Sugar solutions representing vari-
ous stages of concentrate and syrup 

produced at the PMRC were used as 
samples to measure refractometer 
precision. The sugar solutions were 
assembled from table sugar and sap 
frozen during the spring 2015 produc-
tion season at PMRC and represented 
theoretical sugar concentrations of 2.5, 
9, and 20 ⁰Brix. Preliminary measure-
ments with the digital refractometers 
placed the average sugar content of the 
sap at 1.56 ⁰ Brix, equivalent to 0.156 g 
sugar/10 g solution, or 0.468 g sugar/30 
g solution. To determine how much 
sugar to add to the sap in order to cre-
ate each concentrate solution, the theo-
retical sugar concentration in ⁰Brix was 
converted into g sugar/30 g solution. 
The 0.48 g sugar/30 g solution already 
present in the sap was then subtracted 
from the total g of sugar present in the 
theoretical concentrate solution.

Digital and optical refractometers 
were used to measure the three con-
centrate solutions and the syrup at 
0⁰C¸ room temperature (approximate-
ly 20⁰C), and 50 ⁰C. Ice baths and hot 
plates were used to prepare the cold 
and hot trial samples respectively prior 
to measurement. During the room tem-
perature trials, readings were taken 
within a few seconds after transfer-
ring the solution to the sample dish or 
prism. For the hot and cold trials, read-
ings were taken after one minute to al-
low the temperature of the solution and 
the refractometer to equilibrate before 
taking the reading. All solutions were 

kept fully covered and sealed as much 
as possible between extracting samples 
for measurement in order to prevent 
evaporation. 

The results from the digital refrac-
tometers were analyzed primarily for 
precision and secondarily for accu-
racy, while the results from the optical 
refractometers were used to create a 
larger pool of data from which to estab-
lish a more accurate average sugar con-
centration for each concentrate solution 
and syrup.

To test the automatic temperature 
compensation capacity of the Misco 
refractometers during thermal equi-
librium, additional interval trials were 
performed at hot and cold tempera-
tures. For the equilibration processes of 
hot syrup cooling to room temperature 
and cold sap warming to room tem-
perature, readings were taken with all 
Misco refractometers every 15 seconds 
for 2 minutes starting from the moment 
at which the solution was transferred to 
the sample dish. 

Results and 
Discussion

Measure-
ments of the 
concentrate 
solutions re-
vealed the 
sugar con-
c e n t r a t i o n 
in ⁰Brix to 
be slightly 
off  from the 
t h e o r e t i c a l 
sugar con-
centrat ions 
obtained by 
c a l c u l a t e d 
addition of 

table sugar to the sap. Although the 
average experimental concentration of 
2.51⁰ Brix proved consistent with the 
theoretical sugar concentration, the 
solution mixed for an intended 9 ⁰Brix 
had an average concentration of 8.43 
⁰Brix. The solution with a theoretical 
sugar concentration of 20 ⁰Brix had an 
average concentration of 17.01 ⁰Brix. 
The discrepancy between the theoreti-
cal and experimental values likely oc-
curred as a result of impurities present 
in the table sugar used to make the con-
centrate solutions. Such solid impurities 
would take up mass measured as pure 
sucrose, creating an experimental sugar 
concentration less than that of the theo-
retical. For the sample solutions rep-
resenting higher levels of concentrate, 
more sucrose from table sugar than 
from sap contributed to the total sugar 
concentration. Therefore, the percent 
amount of associated impurities add-
ed to the solution along with the table 
sugar was likely higher for the sample 
solutions with higher sugar concentra-
tions, providing a partial explanation 
for the increasing discrepancy between Table 1: Comparison of the standard error for each sample dataset by tempera-

ture trial for all digital refractometers.

Figures 1-4
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however there was some variation in 
the actual readings. Comparison of 
readings made with diff erent instru-
ments may produce varying results 
and lead to incorrect conclusions, 
and thus such comparisons should be 
eliminated or interpreted only with 
great care.

• While refractometers can provide 
some indication of the density of syr-
up, the actual legal defi nition of syr-
up may not include refractometry as 
an accepted method. Maple produc-
ers should be aware of the required 
procedure in their given jurisdiction.

• For more accurate and precise results, 
let hot or cold samples reach thermal 
equilibrium before measurement. 
For samples at freezing temperatures 
this can take at least a minute, as evi-
denced by the slight decrease in ⁰Brix 
value obtained for the fi fteen second 
interval trial over the fi rst minute. For 
samples at hot temperatures at least a 
minute is advisable before measure-
ment as well, as indicated by the 
larger standard error for all hot trials 
despite the minute delay to allow the 
sample and refractometer to reach 
thermal equilibrium. Care should be 
taken to reduce evaporation during 
this wait period.

• Misco refractometers are very pre-
cise, but precision is reduced for hot 
samples. This automatic rounding 
should be understood as a feature 
which eliminates inaccuracy in the 
results. More precise and accurate 
results can be obtained by testing the 
sample again when it has reached full 
thermal equilibrium with the refrac-
tometer. 

Refractometers: continued from page 13

the theoretical and experimental sugar 
concentrations with increasing ⁰Brix. 
This discrepancy is relevant to inquiries 
concerning refractometer accuracy, but 
is irrelevant to the analysis of refrac-
tometer precision, as the same solution 
was used for all refractometers. 

Measurements of the same sample 
varied signifi cantly based both on the 
temperature of the trial and on the re-
fractometer. One interesting patt ern 
concerning precision emerged based on 
the temperature of the solution. For all 
samples, a consistently larger standard 
error was observed for the hot trials 
than for the cold and room temperature 
trials (Table 1). 

The relative imprecision observed 
for the hot trials is likely due in part to 
the measurements obtained from the 
Misco refractometers, as all are signifi -
cantly over the average for each solu-
tion (Figures 1-4). These high results 
are produced in part by the automatic 
rounding which occurs when the set-
ting on Misco refractometers is changed 

to measure samples with a tempera-
ture over 86 ⁰F. Rather than reporting 
to a decimal place, the value in ⁰Brix is 
rounded to a whole number due to the 
imprecision inherent within refractom-
eter measurements of hot syrup (Misco 
Technical Bulletin). Additionally, this 
sett ing on the Misco refractometers was 
not properly set for the fi rst round of 
hot trials, so it was necessary to redo 
these trials at the end of the experiment 
with the correct heat sett ing. Therefore, 
a probable source of error which could 
account for some of the above average 
readings taken by the Misco refractom-
eters in the hot trials is the evaporation 
which inevitably occurred to some de-
gree over the progression of the experi-
ment.

The 15 second interval trial with the 
cold sap produced consistently high 
readings before stabilizing after ap-
proximately one minute. Starting with 
an average reading of 1.81 ⁰ Brix at 0 
seconds, the readings quickly dropped 
within the fi rst minute, so that after 
60 seconds an average result of 1.62 
⁰Brix was obtained. This stabilization 

of results indicates the 
point at which the solu-
tion and refractometer 
reached a state close to 
thermal equilibrium. 
This 0.18 ⁰Brix decrease 
over a one minute pe-
riod represents the er-
ror factor of the Misco 
automatic temperature 
compensation system.

The fi fteen second 
interval trials with 
the hot syrup did not 
provide results useful 
towards understand-
ing the temperature 
compensation capac-

ity of the Misco refractometers, as the 
automatic rounding of results to whole 
numbers eliminated any measurable 
progression towards a stable reading in 
the realm of tenths of a ⁰Brix.

Misco refractometers exhibited a 
considerably higher degree of repeat-
ability for each trial compared to the 
other digital refractometers tested as 
indicated by the smaller standard error 
of the Misco dataset for each trial (Table 
2). 

The exception to the trend of greater 
precision for the Misco refractometers 
is evident when the results for all three 
temperature trials are analyzed as one 
dataset. Due to the automatic round-
ing which occurs when the Misco re-
fractometers are set for temperatures 
above 86 ⁰F, the rounded results are 
highly precise within a single trial, as 
the tenths of a ⁰Brix values in the read-
ing are eliminated (Table 2). However, 
when considered in combination with 
the other trials at the same ⁰ Brix value, 
these rounded results are consistently 
higher, thereby decreasing the preci-
sion of the Misco refractometers when 
considered overall. As discussed above, 
these high results may also be due in 
part to experimental error involving 
evaporation. 

Conclusions and 
Recommendations:

• Using refractometers requires under-
standing how measurements should 
be made and following the recom-
mendations of the instrument man-
ufacturer in regards to calibration, 
care, and use. Some refractometers 
will work for hot syrup, others do not 
and may be irreparably damaged by 
such use.

• All refractometers produced measure-
ments that were generally accurate; 

Table 2: The standard error for Misco refractometers versus 
the standard error of all other digital refractometers compared 
by temperature and sugar concentration.




