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oncentrating maple sap with reverse osmosis (RO) significantly
increases the efficiency and profitability of processing sap into syrup by
reducing the amount of both fuel and
time required to concentrate the material to syrup density in the evaporator.
However, because this also reduces the
amount of time sap is processed in the
evaporator, and since most of the reactions from which the flavor and color
properties of maple syrup are ultimately derived occur as sap is processed
with heat in the evaporator, it is possible that this could result in impacts on
the finished syrup, causing it to differ
from syrup produced with raw sap.
Previous investigations of the effects of
RO were limited to small quantities of
syrup produced through batch boiling
in the laboratory, conditions which do
not necessarily well replicate those that
occur during processing in an evaporator (Morselli et al. 1982, Sendak and
Morselli 1984). It is imperative to determine the effects that RO might have
under realistic processing conditions,
as any gains in efficiency would be
nullified by any possible negative impacts on syrup quality. Thus, between
2008 and 2011 we conducted a series
of controlled experiments performed
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with commercial maple equipment to
investigate the potential effects of the
use of RO on the composition, properties, and flavor of the maple syrup produced. The following is a brief, general
summary of these experiments and the
results observed. More comprehensive
descriptions of each study can be found
in the scientific journal articles published for each.
All experiments were conducted in
the Maple Processing Research Facility
at the University (MPRF) of Vermont
Proctor Maple Research Center in Underhill Center, Vermont (UVM-PMRC)
(Figure 1).
Experiment 1 – Comparison of syrup
made from raw sap and 8% concentrate
This experiment was conducted to
investigate the fundamental effects of
concentrating sap with RO on the properties, composition, and flavor of maple
syrup, and to determine if any significant differences exist in syrup made
from raw and concentrated sap. To
accomplish this, we conducted an experiment in which syrup was produced
simultaneously from raw sap and from
Reverse Osmosis: continued on page 12
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8% concentrate made from this same
raw sap, using identical equipment and
processing conditions.
Methods
During each trial of the experiment,
raw sap flowing into the sap collection
area was collected and segregated into
a separate tank. Once collected, 300
gallons of this raw sap was set aside,
and another portion was immediately
concentrated to generate 300 gallons of
8% concentrate using a CDL RO unit
equipped with seven, 8” × 40” Fluid
Systems TFC 8923 S-400 membranes.
The raw sap and concentrate were then
immediately transported to the MPRF
at UVM-PMRC and placed into separate stainless steel tanks that each fed
one of two identical, 3 × 10’ Dallaire
Model Deluxe, raised-flue, oil-fired
evaporators (Figure 1). Both evaporators were equipped with automatic
draw-offs and sap level regulation, and
were configured to process sap as similarly as possible, with equal oil burner
and exhaust draft settings. The evapo-

rators were started simultaneously
and run continuously until the supply
of available material for each was consumed (~3-3.5 hrs). All syrup produced
by each evaporator after the first hour
of processing was collected separately
and filtered through synthetic cone
filters. After the experiment was complete, samples of syrup produced with
each treatment were frozen for subsequent analyses. This experiment was
repeated on 6 days during the 2011 maple production season (3/18, 3/21, 4/1,
4/2, and 4/8). At the end of each trial,
connections between evaporator pans
were plugged with rubber stoppers to
minimize disruption of the concentration gradient between trials.

The color, pH, conductivity, mineral, carbohydrate, and volatile flavor
compound contents were determined
for each syrup produced during the
experiments. Syrup color was determined by measuring the percentage
of light transmittance at 560 nm with a
spectrophotometer using glycerol as a
100% transmittance standard. Electrical
conductivity and pH were
determined with a benchtop meter with an epoxy
body electrical conductivity cell and a solid-state
pH probe, respectively,
both equipped with automatic temperature compensation. Density of sap
and syrup was measured
with a digital refractometer (Misco PA203X). The
composition of inorganic
mineral elements was determined by inductively
coupled plasma-atomic
emission
spectroscopy
Figure 1. Research evaporators at the University of Vermont
(ICP-AES).
The
composiProctor Maple Research Center Maple Processing Research
tion
of
sucrose,
glucose,
Facility. Evaporators are oil-fueled, 3 x 10’ with cross-flow pans
and fructose in each samand raised flues.
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ple of syrup was determined by highperformance liquid chromatography
(HPLC), and the composition of volatile
flavor and aroma compounds in each
syrup sample was determined by solidphase microextraction (SPME) and gas
chromatography time-of-flight mass
spectrometry (GC-TOF-MS). Detailed
descriptions of the analytical methods
used can be found in van den Berg et
al. (2014). For each parameter, a paired
t-test was used to determine if averages
differed significantly in the syrup produced simultaneously from raw sap
and from the same sap concentrated to
8%. (Paired t-tests compare the composition of the pairs of syrup produced simultaneously with the two treatments.)
Sensory evaluation experiments
were also conducted to examine potential effects on flavor. For sensory evaluation, triangle tests were conducted to
determine if an overall difference could
be detected in the flavor of syrup produced simultaneously with raw sap and
the same sap concentrated to 8%. Triangle tests are a sensory evaluation method used to determine whether an overall difference in flavor exists between
two samples. For example, in a triangle
test designed to determine if an overall
difference in flavor exists between the
syrup produced with raw sap and the
same sap concentrated to 8% during
the experiment trial conducted on 3/18,
each panelist would be presented with
three samples of syrup. Two of the bottles would contain the syrup produced
with raw sap during the 3/18 trial, and
one of the bottles would contain the
syrup produced with 8% concentrate
during the 3/18 trial. (An equal number
of panelists would receive two bottles
of the syrup produced with concentrate
and one bottle of the syrup produced
with raw sap.) The panelists would
then be asked to taste all three bottles
October 2015

of syrup and write down the number of
the bottle they believe contains the one
syrup that is different from the other
two. If enough panelists correctly identify the ‘odd’ sample in the trio, then it
is concluded that there is a difference
in flavor between the pairs of syrup
produced simultaneously with the two
treatments.
Individual triangle tests were conducted for four of the six pairs of syrup
produced during the experiment trials
(to avoid sensory fatigue in the panelists) following the procedures described
by Meilgaard et al. (2006). Twenty-six
adult panelists with experience tasting
and grading maple syrup participated
in the test. Panelists were separated by
cardboard partitions under fluorescent
light during administration of the test,
and sample presentation order was
randomized for each panelist. Opaque
sample bottles were used to eliminate
any influence of syrup color on the
panelists’ perceptions. Pairs were considered significantly different (p < 0.01)
if 15 of the 26 panelists positively identified the odd sample (Meilgaard et al.
2006).
Results
Syrup produced simultaneously
with raw sap and the same sap concentrated to 8% sugar was very similar
(Table 1). The most notable difference
observed was with respect to syrup color: syrup produced with raw sap was
slightly, but statistically significantly
lighter in color than the syrup produced
simultaneously with the same sap concentrated to 8%. The average difference
in light transmittance between the pairs
of syrup produced simultaneously
with raw sap and concentrate was 11.8
percentage points, however only one
Reverse Osmosis: continued on page 14
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pair fell within different grade classifications from one another (Figure 3).
This result is particularly interesting,
since it is the opposite of what might be
expected: it is commonly hypothesized
that syrup produced from concentrate
will be lighter in color than syrup produced from raw sap due to the shorter
processing times required with concentrate.
Besides color, few other statistically
significant differences in composition
or properties were observed between
syrup produced with raw sap and con-

centrate. The conductivity did not differ significantly between the two types
of syrup and, accordingly, almost no
differences were observed in the composition of dissolved minerals between
the syrup types (Table 1). The exception
to this was magnesium (Mg), which
was found in slightly lower quantities
in syrup produced from raw sap, by
approximately 20 ppm (Table 1). This
is most likely due to the slight permeability of this membrane to Mg, which
would result in the concentrate containing proportionally slightly less Mg
than the raw sap.

Table 1. Chemical composition and properties of maple syrup produced simultaneously from raw
maple sap and the same sap concentrated to 8% with RO. Values are averages (± standard error)
of 6 experiment trials. p-values are for statistical tests to determine whether average values for the
two treatments were equal. Bold p-values indicate statistically significant differences (α = 0.05).
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The pH of syrup produced with raw
sap was slightly lower than that of syrup produced with concentrate, though
the difference was small and the average values for both syrup types were
near neutral (Table 1). Glucose was the
only sugar that differed significantly
between the two types of syrup, however the difference was also numerically quite small (0.11 vs. 0.09%, Table
1). From a practical perspective, these
differences were very small, and would
not impart any functional or quality
difference between the syrups.

might also explain the small differences
observed in glucose – sucrose, the primary sugar found in maple syrup, is
comprised of a molecule each of glucose and fructose bonded together. The
rate that sucrose is split (hydrolyzed)
into glucose and fructose increases as
the pH of a solution gets lower. Thus,
it’s possible that the slightly lower pH
of the syrup produced with raw sap
might result in slightly increased rates
of sucrose hydrolysis, and thus also result in slightly higher concentrations of
glucose relative to the syrup produced
with concentrate.

It is possible that the difference in
the pH of syrup produced from raw
Although color differed between the
sap and concentrate is simply a residsyrup made with the two treatments,
ual effect of the slight difference in pH
the relative quantity of volatile flavor
between raw and concentrated sap – in
compounds did not differ significantly
reverse osmosis, the pH of the concenbetween syrup made simultaneously
trate will always be slightly higher than
with raw sap and the same sap concenthe incoming material being concentrattrated to 8% (Table 1). This suggests that
ed. (This is because RO membranes are
Reverse Osmosis: continued on page 17
permeable to carbon dioxide gas, but
not to the bicarbonate ions
which typically balance the
effects of CO2
on pH.) This
can be seen in
Table 2, which
shows
the
composition
and
properties of the sap,
concentrate,
and permeate
used in each
trial of this experiment, and
the
average Figure 2. Samples of maple syrup produced simultaneously with raw maple
c o m p o s i t i o n sap (bottom row) and the same sap concentrated to 8% by RO (top row) during 6 experiment trials. Percent values indicate the light transmittance (560
of the sap and nm) of the samples. Light transmittance ranges for international standard mac o n c e n t r a t e . ple syrup grades: ≥75.0% = Golden Color with Delicate Taste, 50.0-74.9%%
This slight dif- = Amber Color with Rich Taste, 25.0-49.9% = Dark Color with Robust Taste,
ference in pH <25% = Very Dark Color with Strong Taste.
October 2015
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producing syrup from sap concentrated by RO to 8% sugar does not significantly affect the overall development
of flavor in maple syrup. However, because the total quantity of volatile flavor compounds doesn’t always equate
with the perceived level of flavor (Belitz
et al. 2004), a sensory evaluation experiment was also conducted to investigate
the potential impacts of RO on syrup
flavor. For this experiment, we hypothesized that if concentrating sap with
RO significantly affected syrup flavor,
then an overall difference should be
evident in the flavor of the syrup produced simultaneously with raw sap
and the same sap concentrated to 8%
with RO. We conducted triangle tests
on the pairs of syrup produced during
four of the experiment trials (3/18, 4/2,
4/4, and 4/8). However, for each of the
four pairs of syrup tested, panelists did
not detect a difference in the flavor of
the syrups produced simultaneously
with raw and concentrated sap (Table
3). For the syrup pair produced on 3/18,
the number of panelists who correctly
identified the odd sample was close to
the critical value necessary to conclude
that a difference existed, suggesting
that some differences in flavor might
be present, but that if present they are
likely very subtle. Thus, taken together
with the results of volatile flavor compound analysis, these results suggest
that concentrating sap to 8% with RO
does not significantly impact syrup flavor.
In conclusion, the results of this
study indicate that concentrating maple
sap to 8% with RO does not substantially affect syrup composition, properties, or flavor. Syrup produced simultaneously from raw maple sap and
the same sap concentrated to 8% had
similar properties and composition,
October 2015

and had flavor that was indistinguishable by both chemical profiles and by
panelists in sensory experiments. The
most notable effect observed was on
syrup color, which was slightly darker
in syrup produced with concentrate.
However, the differences observed in
color were quite small, with only one
of the six sample pairs differing in color
grade. Any decrease in syrup value due
to this minor reduction in color would
be more than offset by the lower fuel
and labor costs required for processing
concentrate.
Experiment 2 – Comparison of syrup
made from sap at 2, 8, 12, and 15%
concentration
Another experiment was conducted
to investigate the effects of the level of
concentration with RO on the properties, composition, and flavor of the syrup produced. In this experiment, syrup
was produced simultaneously with sap
at 2, 8, 12, and 15% sugar concentration,
and its composition, properties, and
flavor analyzed and compared.
Methods
Specifically, sap concentrated to 15%
using a Springtech 1600 unit with a Hydranautics LSY-PVD-1 membrane and
the permeate generated during concentration were obtained. Three hundred
gallons of the 15% concentrate were
retained, while the remainder was diluted with the appropriate quantity
of the permeate necessary to generate
300 gallons of sap at each of three different sugar concentration levels: 2, 8,
and 12%. Each treatment was placed in
a separate stainless steel tank which fed
one of four identical, 3 × 10’ evaporators
(as described above), and the evaporators were started simultaneously and
allowed to continue processing until
Reverse Osmosis: continued on page 19
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Table 2. Composition of the sap and 8% concentrate
used in each of the 6 experiment trials, and the permeate generated during sap concentration. Overall averages (± standard errors) of the composition and properties of sap and concentrate used in the 6 trials are also
shown. S= raw sap, C= sap concentrated to 8%, and P
= permeate generated during sap concentration.

Table 3. Number of correct responses in triangle tests conducted
with 26 panelists to determine if differences in flavor were detectable
between pairs of maple syrup produced simultaneously from raw sap
and the same sap concentrated to
8% during 4 experiment trials. The
flavor of each pair was considered
significantly different (p < 0.01) with
15 or more correct responses
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the supply of available liquid for each
was consumed. After the first 1.5 hours
of processing, all syrup produced by
each treatment evaporator was collected separately. After the experiment
was complete, the syrup produced with
each treatment was filtered with a plate
filter press, then packaged and frozen
for subsequent analyses. The experiment was repeated on four days during
the 2008 production season (4/2, 4/3,
4/5, and 4/8).
Sample analyses for color, conductivity, pH, carbohydrate, mineral and
flavor composition were performed as
described in the previous experiment.
Data were compiled and for each parameter, repeated measures analysis
of variance procedures were used to
determine if significant differences existed between the averages of syrup
produced simultaneously with sap at
the four treatment levels of sugar concentration. If an overall significant difference was found between the four
treatments for a parameter, pairwise
comparisons between the individual
treatments were performed with orthogonal contrasts to determine if significant differences existed between
any of the individual sap concentration
treatment levels. For sensory evaluation, triangle tests were conducted to
determine if an overall difference could
be detected in the flavor of syrup produced simultaneously with sap at 2%
and 15% concentration. Individual triangle tests were conducted for each of
the syrup pairs produced during the
four experiment trials, using 22 adult
panelists with experience tasting and
grading maple syrup. Pairs were considered different (p < 0.01) if 14 of the
22 panelists correctly identified the odd
sample (Meilgaard et al. 2006). More
detailed descriptions of the methodolOctober 2015

ogy and analytical methods used can be
found in van den Berg et al. (2011).
Results
As in the first study, very few differences were observed in the composition
or properties of syrup produced with
the different sap concentration levels.
The conductivity of syrup differed
significantly between syrup produced
with the four treatments, with a pattern suggesting lower conductivity in
syrup produced with more concentrated sap. This pattern followed and was
likely driven by that of the composition of manganese (Mn) in the samples,
which was lower in syrup produced
with more concentrated sap, and was
the only mineral which differed significantly between the treatments (Table 4).
Similar to Mg in the first study, the differences between the treatments were
small, averaging approximately 30
ppm. Also similar to the first study, the
pH differed significantly between the
treatments, with slightly lower values
in syrup made from less concentrated
sap. In the first study, the quantity of
glucose was slightly higher in syrup
made from raw sap than in syrup made
from concentrated sap; similar to this,
in this study the quantity of total invert
sugar (glucose + fructose) and fructose differed significantly between the
treatments, also with slightly higher
amounts found in syrup made from
less concentrated sap. Like the first
study, though statistically significant,
all of these differences were numerically quite small, and unlikely to impart
any functional or practical difference
between the syrup made with the different concentration levels.
Syrup color also differed slightly,
but significantly, between the treatReverse Osmosis: continued on page 20
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the treatments were extremely small in
this study. For example, the difference
ments. However, the general pattern
between the average light transmitappears to be the opposite of what
tance of syrup produced with 2% and
was observed in the first study – syrup
8% sap was 3.1 percentage points, and
produced with more concentrated sap
the average difference in light transmittended to be lighter in color than syrup
tance between syrup samples produced
produced with less concentrated sap.
with the different treatments in each
However, looking at the data more
trial was approximately 4 percentage
closely, although this pattern is evident
points. Further, in three of the four triwhen comparing syrup made from 2%
als, syrup produced with all four treatversus 15% sap, and 8% versus 12 and
ments fell within the same color grade
15% sap, syrup made from 8% sap was
classification (Figure 3).
actually darker than syrup made from
2% sap, the same result observed in
Although an overall significant
the first study. Thus, although the data
difference was detected in the total
generally show a pattern of increasingly
quantity of volatile flavor compounds
lighter syrup with increasing sap conbetween the syrup produced with the
centration, the results again show that
four concentration levels of sap, no
syrup made from 8% concentrate was
significant differences were observed
slightly darker than syrup made from
in the quantity of flavor compounds
2% sap. It is important to emphasize
in pairwise comparisons between the
thatBascom
the differences
in color between
Ad 10/15_Layout 1 10/15/14 8:13 PM individual
Page 1
treatments (2% vs. 8%, etc.)
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56 Sugar House Road, Alstead, NH 03602 Phone 603-835-6361 Fax 603-835-2455
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Contact us today with your questions about maple sugaring
supplies and equipment, or to receive your free catalog.
Tel: 603-835-6361 Fax: 603-835-2455
E-mail: sales@bascommaple.com Web: www.bascommaple.com
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Table 4. Chemical composition and properties of maple syrup produced simultaneously
from sap at 4 concentration levels: 2, 8, 12,
and 15%. Values are averages (± standard
error) of 4 experiment trials. Overall p-values
are for statistical tests to determine whether
the average values of the 4 treatments were
equal and, where significant overall differences were detected, for pairwise comparisons to determine if significant differences
existed between the averages of the individual treatments. Bold p-values indicate statistically significant differences (α = 0.05).

Table 5. Number of correct responses in triangle tests conducted with 22
panelists to determine if differences
in flavor were detectable between
pairs of maple syrup produced simultaneously from sap at 2% and 15%
concentration during 4 experiment
trials. The flavor of each pair was
considered significantly different (p
< 0.01) with 14 or more correct responses.
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that producing syrup with different
concentrations of sap did not result in
significant impacts on syrup flavor.

(Table 4). This suggests that the overall
statistical difference is not indicative of
any actual differences between the inIn conclusion, the results of this
dividual treatments. Interestingly, the
study indicate that producing syrup
data suggest a trend for syrup made
with sap concentrated to between 8 and
from more concentrated sap to contain
15% does not substantially affect syrup
more volatile flavor compounds than
composition, properties, or flavor. Syrsyrup produced with less concentrated
up produced simultaneously from sap
sap (Table 4), which contrasts with the
at 2, 8, 12, and 15% sugar concentration
common anecdotal hypothesis that syrhad similar properties and composiup produced from more concentrated
tion. In addition, no difference was desap might be less flavorful than syrup
tected in the flavor of syrup produced
made from less concentrated sap. This
simultaneously with the same sap at
also contrasts with the common as2 and 15% concentration. Very small
sumption that the level of flavor is posiReverse Osmosis: continued on page 24
tively correlated with syrup
color – in these syrups, lighter
colored syrups contained more
flavor compounds than darker
colored syrups. Sensory evaluation experiments were conducted to further examine the
flavor of the syrup produced
with the different treatments.
We hypothesized that if differences in flavor existed in syrup produced with the different concentration levels, that
they would be most readily
detectible in syrup produced
with the two most extreme
treatment levels, 2 and 15%.
Thus, we conducted triangle
tests to determine if differences could be perceived in
the flavor of the pairs of syrup
produced simultaneously with
2 and 15% sap on each of the
four experiment trial dates.
In the triangle tests, panelists
were not able to detect differ- Figure 3. Samples of maple syrup produced simultaneences in the flavor of syrup ously from sap at four sugar concentration levels (2, 8, 12,
produced simultaneously with and 15%) during 4 experiment trials. Samples in vertical
these treatments for any of the columns are the syrups produced simultaneously with the
different concentration levels during each trial of the exfour pairs tested (Table 5). To- periment. Percent values indicate the light transmittance
gether, these results suggest (560 nm) of the samples.
October 2015
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differences were observed in the color
of syrup produced with the different
treatments – the general, overall trend
observed was for lighter colored syrup
to be produced from more concentrated
sap. However, consistent with the results of the first study, syrup produced
from sap at 8% concentration was
slightly darker than syrup produced
from sap at 2%.
Experiment 3 – Comparison of syrup
made from sap concentrated to moderate and high levels with RO
Although the first studies demonstrated that concentrating sap with RO
up to 15% does not result in substantial
impacts on the syrup produced, one remaining question was whether concentrating sap to higher levels might have
greater impacts on syrup properties,
composition, or flavor. Concentrating
sap to levels greater than 15% increases
efficiency and profitability by further
reducing the time and cost of processing
sap to syrup density. However, since it
also further reduces the length of time
sap is processed with heat in the evaporator, it is possible that syrup could be
affected to a greater degree than when
processing sap concentrated to more
moderate levels (8-15%). Thus, a third
study was conducted to investigate the
potential impacts of concentrating sap
with RO to a level higher than 15% on
the properties, composition, and flavor
of the syrup produced, and determine
if any significant differences existed in
syrup produced simultaneously with
the same sap concentrated to either
moderate or high levels.
Methods
To accomplish this, we conducted
a study in which syrup was produced
simultaneously from the same sap con24

centrated to either 8 or 21.5% sugar.
Specifically, for each trial of the experiment, a common source of maple sap
was concentrated sequentially to generate 300 gallons each of 8 and 21.5% concentrate using a CDL RO unit equipped
with 8 × 40 Mark I membranes (Dow
FilmTec, Midland, MI, USA). Each
treatment was placed in a separate tank
that fed one of two identical, 3 × 10’
evaporators (as described previously).
The evaporators were started simultaneously and run continuously until the
supply of concentrate for each was consumed. All syrup produced with each
treatment after the first 1.5 hours of processing was collected. After processing
was complete, the syrup produced with
each treatment was filtered separately
with a plate filter press, and was then
kept frozen until subsequent analyses.
Separate trials of the experiment were
conducted on five individual days during the 2009 maple production season
(3/17, 3/19, 3/28, 3/29, 4/2).
Sample analyses for color, conductivity, pH, carbohydrate, mineral, and
flavor composition were performed as
described in the previous experiment.
Data were compiled and for each parameter, a paired Student’s t-test was
used to determine if significant differences existed in the means of the syrup produced simultaneously from the
same sap concentrated to either 8 or
21.5%. For sensory evaluation, individual triangle tests with 28 panelists with
experience tasting and grading maple
syrup were conducted for each pair of
syrup produced during the first four
trials of the experiment to determine if
an overall difference could be detected
in the flavor of maple syrup produced
simultaneously with the same sap concentrated to 8 and 21.5% sugar. Pairs
Reverse Osmosis: continued on page 25
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were considered different (p < 0.01) if
16 of the 28 panelists correctly identified the odd sample (Meilgaard et al.
2006). More detailed descriptions of the
methodology and analytical methods
used can be found in van den Berg et
al. (2012).
Results
Syrup produced with sap concentrated to 21.5% was significantly lighter
in color than the syrup produced simultaneously with the same sap concentrated to only 8% (Table 6). The difference
in percent light transmittance ranged

from 2.0 to 17.7 percentage points, with
an average difference of 11.1 (Figure 4).
Three of the five syrup pairs fell within different grade classes. Besides the
difference in syrup color, there were
no other significant differences in the
properties, mineral, or carbohydrate
composition of the syrup produced simultaneously with sap concentrated to
either 8 or 21.5% sugar (Table 7).
The quantity of volatile flavor compounds also did not differ significantly
between syrup produced simultaneously from the same sap concentrated
to 8 and 21.5% sugar (Table 6). Further,
in triangle tests, panelists did not de-

Table 7. Number of correct responses in triangle
tests conducted with 28
panelists to determine if
differences in flavor were
detectable between pairs
of maple syrup produced
simultaneously from the
same maple sap concentrated with RO to 8 and
21.5% sugar during 4 experiment trials. The flavor
of each pair was considered significantly different
(p < 0.01) with 16 or more
correct responses.

* Indicates mean comparison made with nonparametric Wilcoxon
Signed Rank tests.
Table 6. Chemical composition and properties of maple syrup produced simultaneously from the same sap concentrated with RO to
either 8 or 21.5% sugar. Values are averages (± standard error) of
5 experiment trials. p-values are for statistical tests to determine
whether average values for the two treatments were equal. Bold
p-values indicate statistically significant differences (α = 0.05).
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tect
differences in the
flavor of syrup
produced simultaneously
from sap concentrated to 8
and 21.5% for
any of the four
pairs
tested
(Table 7). That
no differences
were detected
in either the
perceived
flavor or the
quantity
of
flavor
comFigure 4. Samples of maple syrup produced simultaneously from the same
pounds
be- sap concentrated with RO to either 8 (bottom row) or 21.5% (top row) sugar
tween the syr- during 6 experiment trials. Percent values indicate the light transmittance
up produced (560 nm) of the samples.
with the two
as follows:
treatments strongly indicates that producing syrup from highly concentrated
Color: The most notable effect obsap does not significantly affect syrup
served throughout the three experiflavor.
ments was on syrup color. In general,
the results suggest that producing
In conclusion, the results of this
syrup from 8% concentrate is likely
study indicate that producing syrup
to result in slightly darker syrup than
with sap concentrated to very high
with raw sap, and that concentrating
levels by RO does not significantly afto levels above 8% is likely to result in
fect syrup properties, composition, or
progressively slightly lighter colored
flavor. Syrup produced with sap consyrup. However, it’s important to emcentrated to 21.5% was slightly lighter
phasize that the effects observed on
in color than syrup produced from
syrup color were generally very small,
the same sap concentrated to only 8%,
often not large enough to cause the
however there were no other significant
color grade to differ. Thus, the results
differences in the composition, properof these studies suggest that producing
ties, or flavor of the two types of syrup.
syrup with concentrated sap is generally likely to have relatively minimal
Conclusions
impacts on syrup color.
Broadly, the results of these experiFlavor: The results of all three studments indicate that the use of RO at any
ies indicate RO does not significantly
concentration level has no substantive
impact syrup flavor. No effects of RO
impacts on the composition, properties,
on syrup flavor were observed, either
or flavor of the syrup produced. A few
general observations of the results of
Reverse Osmosis: continued on page 30
these experiments can be summarized
October 2015
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by chemical composition analyses or
panelists in sensory experiments, between syrup produced simultaneously
from raw sap and the same sap concentrated to 8%, from the same sap at 2 and
15% concentration, or from the same
sap concentrated to 8 and 21.5%. Thus,
although given the slight differences in
color observed it is reasonable to conclude that using RO has some impact
on flavor development, these results
indicate that any impact is quite subtle,

and beyond what most people are able
to perceive.
Other composition and properties:
Very few other differences were observed in the composition of syrup. In
all cases, the differences that were observed were numerically very small,
and not likely to be of any practical
significance. In addition, all values for
all parameters measured in syrup produced with all treatments during the
three experiments were within published ranges for the composition and
properties of pure
maple
syrup
(Stuckel and Low
1996, Perkins et
al. 2006, van den
Berg et al. 2006,
Perkins and van
den Berg 2009).

Table 8. Example composition of raw sap and the same sap concentrated
to 8% with RO, the permeate generated during concentration, and the
hypothetical concentration of the 8% concentrate when calculated by multiplying the composition of raw sap by the concentration factor used in
the generation of the concentrate. In this sample, the concentration factor
from raw sap to concentrate was 3.4. (Data from 4/1 trial of Experiment 1.)
The composition of invert sugar is of particular note. The concentrate does
not contain any more glucose, fructose (or total invert sugar) than what is
calculated by the concentration factor. One effect of concentrating sap with
RO that is often presumed is that concentrate will have a proportionally
greater invert concentration than the raw sap it was generated from (due
to increased microbial activity with greater sugar concentrations). These
data clearly demonstrate that this does not occur. Concentrate does not
contain proportionally more invert than the raw sap; the invert content of
concentrate was simply proportional to that of the sap.
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Concentrating sap with RO
can provide very
large savings in
time, fuel, and
energy use, increasing the profitability of syrup
production substantially.
The
collective results
of these experiments
demonstrate that these
benefits can be
achieved
without detriment to
the quality of the
syrup produced.
Expanded
cussion

Dis-

That the syrup
produced
with
raw sap and sap
Maple Syrup Digest

concentrated to different levels with
RO was very similar is not surprising,
given that the primary difference between raw sap and concentrate is simply the concentration of the substances
present. When RO’s are functioning
properly, very little else besides water
passes through the membrane and into
the permeate. This is illustrated well
by the data in Table 8, which shows
the composition of a sample of raw sap
and the 8% concentrate made from that
sap, along with the hypothetical composition of the concentrate calculated
by multiplying the concentration of the
substances in the raw sap by the concentration factor used in the concentration of the sap to 8%. The calculated
concentrations are very similar to the
actual concentrations measured in the
8% concentrate. So, RO concentrate is
essentially concentrated sap. The differences between the actual and calculated
concentrations of the concentrate are
mostly in the ions that pass through RO
membranes in very minute amounts,
predominantly potassium (K), magnesium (Mg), and calcium (Ca). However,
as you can see in Tables 8 and 2, permeate contains very little of even these
ions; in fact, in the study of raw sap versus 8% concentrate, for example, over
99.8% of Ca and Mg, and 98.7% of K,
were retained in the concentrate (Table
2). If we consider the reactions that occur during sap processing in a very simplified way, the rates of these reactions
are influenced by temperature, the concentration of reactants, and the length
of time they occur. With concentrated
sap, the length of time for reactions to
occur is reduced, but the concentration
of reactants and temperature are both
increased. Thus, it may simply be that
the changes are somewhat balanced
out, and processing raw sap or concentrate made from that sap, whether
October 2015

concentrated to 8, 15, or 20%, results in
very similar syrup.
So why, then, do we see some differences in color between syrup produced
with raw sap and different levels of
concentrate? Concentrating sap to 8% is
a much larger concentration step than
concentrating from 8% to higher levels. Most of the water removed by RO,
~75%, is removed in in this step, and
concentrating sap to higher concentrations than 8% removes proportionally
much less water (Figure 5). It is possible
that the large concentration step from
2 to 8% doesn’t result in reductions in
processing times large enough to balance the simultaneously large increases in concentration, and thus slightly
more color development reactions occur with 8% concentrate than with raw
sap. But when sap is concentrated to
levels higher than 8%, the reductions
in processing time may be sufficient to
overcome the increased concentration,
and fewer color development reactions
occur during processing than with less
concentrated sap.
This is a very simplified account of
the reactions that occur as sap and concentrate are processed in the evaporator
and doesn’t take into account changes
that the presence of particular types
of reactants, like the reducing sugars
glucose and fructose, or in processing
conditions like pH, can have on the reactions that occur during processing. In
reality, the reactions that occur when
sap is processed with heat in the evaporator are so complex that it’s unlikely to
ever be possible to accurately or consistently predict the effects that changing
a single variable will have on the syrup
produced. In general, much of the color
and flavor in maple syrup develops
through reactions that occur when sugReverse Osmosis: continued on page 32
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ar solutions are processed with heat,
termed “nonenzymatic browning reactions.” These include sugar degradation
reactions as well as Maillard reactions,
which are reactions between reducing
sugars, like glucose and fructose, and
nitrogen-containing compounds, like
amino acids. Nonenzymatic browning reactions yield colored pigments
and flavor and aroma compounds, including both desirable and off-flavors.
These reactions are enormously complex and occur both simultaneously
and in series, so that a change in one
variable at one point in processing is
likely to result in a cascade of changes
affecting all subsequent reactions. In
addition, these reactions can be affected
by even minute changes in numerous
variables, including pH, moisture levels, and the concentration and types of
reactants present. For example, different color and flavor compounds develop when glucose or fructose are heated

with the same amino acid. Likewise,
heating glucose with different types
of amino acids results in a unique set
of compounds for each of the different
amino acids. Altering the pH of any one
of these reactions would result in yet
another unique set of colored pigments
and flavor and aroma compounds. So
even very small changes in processing
conditions in the evaporator, such as
pH, or in the types or proportions of
reactants present, such as glucose and
fructose (which are more reactive than
sucrose in nonenzymatic browning reactions) can alter the nature and rate of
reactions that occur during processing
in very complex ways. However while
this complexity makes specific prediction of the effects of any processing
treatment on syrup difficult, despite
this, the results of our experiments consistently demonstrated that effects of
RO on syrup composition, color, and
flavor were minimal.
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