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Maple sap is processed into 
syrup on an open traditional 
evaporator by a thermal treat-

ment. Increasing the Brix during evap-
oration involves the concentration of 
elements existing naturally in the sap, 
such as sugars and mineral ions, to al-
most a saturation point. Many reactions 
can occur during the evaporation step 
between some of these ions and other 
compounds like organic acids (Allard 
and Belzile., 2004). This will result in 
the formation of suspended heavy 
complex in the syrup. Some of these 
complex will deposit on the surface 
of evaporator pans as scale which will 
form a persistent layer during heating 
(Isselhardt et al., 2002). 

Many factors can affect the rate of 
scale formation, such as sap composi-
tion, sugar content of concentrate feed-
ing the evaporator, intensity of heating, 
depth of liquid, and the roughness of 
the pan’s surface. A rough surface will 
have a greater tendency to promote 
nucleation and scaling than a smooth 
surface (Arzate et al, 2013). Air injection 
for instance, does not have the potential 
to lower the thickness of scale formed 
on evaporator pans (Van den Berg et al, 
2009). 

The scale can take many forms de-
pending on its chemical composition. 
Calcium, magnesium and manganese 
are the most common minerals found 
in scale (Isselhardt et al., 2002). The 
amount and characteristics of scale will 

also change throughout the season and 
from one season to another depending 
on the composition of the sap (Galland-
er, et al., 1967; Perkins and Van Den 
Berg, 2009). Unfortunately, very little 
data is available on the chemical com-
position of scale such as sugars, min-
eral salts and organic acids. 

The presence of scale is known to 
cause many problems, such as the over-
heating of the evaporator, the reduction 
of heat transfer, and the efficiency of 
production, which will affect the color 
and flavor of maple syrup (Heiligmann 
et al., 2006). To overcome these prob-
lems, a periodic shutdown and clean-
ing of the evaporator is necessary to 
remove the scale from the surface of 
the evaporator. Many methods can be 
used like manual clean, descaling with 
a food grade acid solution with or with-
out reversing the flue pans (Allard and 
Belzile., 2004; Perkin and Van den Berg, 
2009). Many acid detergents are avail-
able for maple syrup producers. These 
detergents are composed of various ac-
ids like Phosphoric, Nitric, Chloric, and 
Sulfuric and their salt complex. Vinegar 
(acetic acid) is naturally present in ma-
ple sap (Lagacé et al, 2015). For this rea-
son, acetic acid was chosen to be tested 
for cleaning the back pans during the 
season. The objective of this work was 
therefore to investigate the effects of 
using this acid on the chemical compo-
sition and the sensory quality of syrup 
produced after cleaning. The main goal 
is to ensure that no acid residues can 
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be found in syrup and that its sensory 
properties are not affected.

Cleaning operation:

Maple syrup producers regularly ex-
periencing a scale formation problem in 
their evaporator were solicited to par-
ticipate in this project. Four producers 
from different regions of Quebec, Can-
ada were chosen based on specific crite-
ria (availability of equipment, number 
of taps, number of annual cleanings). 
The size of the sugarbushes studied 
ranged from 10,000 to 20,000 taps. Three 
producers had a traditional evaporator 
and one producer had an evaporator 
equipped with an automatic cleaner. 
Two of the traditional evaporators were 
wood-fired evaporators and the other 
two were oil-fired. All producers used 
sap concentrate from 11 to 15 °Brix to 
feed their evaporator. The brix of con-
centrate was maintained at the same 
level before and after cleaning. 

Three tests (ER-1, ER-2 and ER-3) 
were carried out on the evaporator 
equipped with an automatic cleaner 
between the middle and end of the sea-
son while one test was made on each of 
the three traditional evaporators (ER-4, 
ER-5 and ER-6) at the middle of season. 
So the cleaning procedure was repeat-
ed three times for each type of evapo-
rator. Thirty-one barrels of syrup (32 
imperial gallons each) were produced 
between each cleaning test on evapora-
tor equipped with automatic cleaner. 
However, 45 to 88 barrels of syrup were 
produced before cleaning on each tradi-
tional evaporator at the middle of sea-
son. Heat intensity and liquid depth in 
back and front pans was maintained at 
the same values before and after clean-
ing to avoid their effect on the qual-
ity of produced syrup. Before cleaning, 
processed sap was removed from back 
and front pans at the end of production. 

Then, physical state of scale on the pans 
was recorded. Pans were then rinsed 
with cold water by a pressure washer 
before acid solution was applied. 

Cleaning was made with a diluted 
solution of acetic acid at a concentration 
varying from 3.5% to 3.9%. Cleaning 
and rinsing procedures were adapted 
depending on the type of evaporator. 
For the traditional evaporators, clean-
ing was carried out according to the fol-
lowing steps:

1. Cleaning procedure:

a. Cleaning solution was prepared 
in the feeding tank of the evaporator 
by adding acetic acid concentrated 
at 56% to a predetermined filtrate 
volume. This method was employed 
to avoid many potential risks (fall, 
splash) of adding the concentrated 
acid directly into the back pans and 
to ensure the homogeneity of the so-
lution. The required volume of water 
was set in order to be slightly greater 
than the volume of back pans.

b. The cleaning solution was then 
transferred to back pans.

c. The solution was heated to 80-85°C 
(176-185°F) by running the evapora-
tor to reach the required temperature 
and then turned off.

d. The pans were left filled with the 
hot cleaning solution overnight.

2. Rinsing procedure:

a. The next morning, the cleaning 
solution was removed and the pans 
were rinsed many times with water. 
First, a primary rinse was made with 
a pressure washer to remove soft, wet 
pasta-like scale and to detach some 
remaining small pieces of scale.
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b. Then, a second rinse was done by 
immersing back pans into cold fil-
trate for at least five minutes. 

c. The last rinse was made by fill-
ing the pans with new filtrate, then 
heating it to boiling by running the 
evaporator and keeping the pans im-
mersed for at least five minutes. 

d. Three samples of the last rinsing 
solution (hot filtrate) were taken from 
three different places in the pans for 
pH measurement. If the average pH 
was higher than 5, rinsing was sat-
isfactory and finally completed with 
a last rinse by pressure washer with 
a cold water or filtrate. However, if 
pH was less than 5, second rinse was 
made with another hot filtrate.

For the evaporator equipped with an 
automatic cleaner, cleaning was made 
according to the following steps:

1. Cleaning procedure;

a. Cleaning solution was prepared in 
a separated tank by adding concen-
trated acetic acid at 56% to a prede-
termined volume of hot filtrate at 80-
85°C (176-185°F).

b. Then, hot cleaning solution was 
recirculated in the back pans with 
an automatic cleaner during many 
hours until the pans became clean. 
The number of cleaning hours de-
pended upon the thickness of the 
scale and the percent of the pan sur-
face covered. 

2. Rinsing procedure;

a. After cleaning, the solution was 
discarded and the same steps to rinse 
the pans from the cleaning agent 
were followed. First, a primary rinse 
was made with cold water using a 
pressure washer. 

b. Then, cold filtrate was recirculated 
in the pans by the automatic cleaner 
for 15 minutes followed by a recircu-
lation of new hot filtrate during an 
additional 15 minutes.

c. The pH of the final filtrate was 
measures as it was for the traditional 
evaporators, following the same pro-
cedure to determine if rinsing was 
completed. A final rinse with cold 
water was made with the automatic 
cleaner for 10 to 15 min.

Sampling:

Two samples of sap concentrate 
feeding the traditional evaporator were 
taken during the last hour before clean-
ing and during the three hours after 
cleaning.  Likewise, samples of cor-
responding syrups were taken before 
and after cleaning. Two samples of sap 
concentrates and produced syrup were 
taken during the last hour before clean-
ing. Likewise, samples were taken dur-
ing three hours of syrup production 
after cleaning.

Samples were taken also from the 
last hot filtrate used to rinse the pans. 
Total soluble solids (Brix), pH, con-
ductivity, and acetic acid content were 
measured for those samples. Content of 
mineral ions were measured in all pro-
duced syrups.

Properties analyzed:

The pH of samples was measured by 
using a PHM82 Radiometer pH-meter 
supplied by VWR (Toronto, ON, Can-
ada). Total soluble solids were mea-
sured by an AR200 Digital Hand-Held 
refractometer of Reichert Scientific In-
struments (Buffalo, NY, USA). The elec-
trical conductivity was measured by 
an electric conductivity meter (WTW; 
COND 3400i). Minerals analysis was 

Scaling: continued on page 13
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Figure 1: Sample of dried scale recovered 
from back pans of traditional evaporator.

analyzed by ICP/OES, optima 430 from 
PerkinElmer (Woodbridge, ON, Can-
ada) by the IRDA laboratory. Acetic 
acid was analyzed using a Shimadzu 
Prominence liquid chromatographic 
system purchased from Mandel Scien-
tific (Guelph, ON, Canada). The sen-
sory evaluation of produced syrups 
was assessed by three experts of Maple 
Syrup Inspection Division of Centre 
ACER. Statistical analysis of data was 
performed using XLSTAT (Addinsoft, 
Paris, France). Mean values for con-
centrated sap were compared using 
analysis of variance (ANOVA) with 
the Tukey multiple comparison test to 
evaluate the significant difference be-
tween the means (p < 0.05). Standard 
deviation (SD) is presented alongside 
the means in tables of results.

Results and Discussion:

Descaling and rinsing efficiencies

Scale formed on back pans of tested 
evaporators varied from a brown and 
white-beige crust to a simple orange-
brown film (Figure 1). The average 
thickness of measured scale was 0.22 
mm. Cleaning with acetic acid solution 
removed the scale in both evaporator 

types. The removal rate reached 100% 
for the traditional evaporators and var-
ied between 75% to 95% for the auto-
matic cleaner evaporator, depending 
on the time of the cleaning cycle and 
the volume of syrup produced before 
cleaning.

 As cited above, producers with tra-
ditional evaporators produced more 
barrels of syrup before cleaning than 
those equipped with an automatic 
cleaner. Consequently, time of cleaning 
varied from 2.5 hours to 15 hours for 
the evaporator with automatic cleaner 
and from 12 to 18 hours for the tradi-
tional evaporators.

Average physicochemical charac-
teristics of hot filtrates used for rinsing 
the pans of both types of evaporator 
are shown in Table 1. After rinsing, the 
last hot filtrates had a pH higher than 
5.0 for both systems with very low con-
centration of acetic acid. However, the 
pH of the last filtrate used for rinsing 
the automatic cleaner evaporator was 
higher than pH of filtrate obtained with 
the traditional evaporator. A lower re-
sidual concentration of acetic acid in 
this filtrate was also observed (less than 
the quantification limit). This indicates 
that a complete removal of residual ace-
tic acid from the surface of the pans was 
accomplished. Results shown in Table 
1 show that no traces of acetic acid re-
mained in the pans of the evaporator, 
especially when the pH of the final rins-
ing filtrate was higher than 6. The elec-
trical conductivity of filtrates was also 
found to be low after rinsing both type 
of evaporators. It increased very slight-
ly after rinsing from 14 to 17 (µS/cm) 
indicating a removal of similar amount 
of mineral ions remained on back pans.
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8 Ashfi eld Road, Rt. 116 / P.O. Box 540, Conway, MA 01341

CALL for catalog
800-634-5557
www.oescoinc.com

Equipment & Tools for the Maple Industry
Brands you know and trust, including:

High Tensile Trellis Wire
12.5 gauge for mainline installation.
Wire Strainers & Gripples

TAJFUN 3 Pt. Hitch Winches
Turn a tractor into a skidder.  World’s most popular winch!  
ORCHARD Ladders
Lightweight aluminum, sturdy, stable tripod ladders.

Table 1: Physicochemical properties of last hot filtrate before and after rinsing of back 
pans for the two types of tested evaporators.

Syrups composition and properties:

Syrups produced before and after 
cleaning had similar chemical charac-
teristics. No significant changes in the 
Brix, pH and electrical conductivities 
were observed on tested syrups (Table 
2). 

Likewise, syrups had similar con-
tent of main mineral ions as shown in 

Table 3. Potassium (K+) and calcium 
(Ca++) remained the two main min-
eral ions in all produced syrups. The 
concentration of calcium and phos-
phor was increased slightly in syrup 
produced after cleaning the evapora-
tor with the automatic cleaner. This 
is probably related to the higher heat 
transfer of cleaned pans, which led to 
a reduction of syrup’s cooking time 
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Table 2: Physicochemical properties of maple syrups produced before and after 
cleaning with solution of acetic acid.

Table 3: Contents of mineral ions in maple syrup produced before and after cleaning 
with acetic acid (mean ± SE).

and the precipitation of these ions on 
the pan’s walls.

Light transmittance of most of the 
syrups produced after cleaning was in-
creased, especially for syrup produced 
on evaporator (ER-6) which increased 
by 13.9%. Slight decreases from 1% to 
5.7% occurred with syrups produced 
on the evaporators (ER-4) and (ER-2).

This later increase is possibly due 
to a greater heat transfer in back pans 
after removing the thick scale formed 
during the production of 88 barrels of 
maple syrup. Even with this noticeable 
increase in transmittance, syrups re-
mained in the same color class as before 
cleaning. In general, chemical cleaning 

with a solution of acetic acid allowed the 
production of a syrup with a similar or 
higher transmittance in comparison to 
those produced before cleaning. 

Sensory evaluation showed that, af-
ter cleaning, syrups retained the same 
taste as before cleaning. Two syrups of 
each evaporator type had good taste be-
fore and after cleaning. One syrup with 
a good taste but a light off-flavor was 
also detected for both types of evapora-
tor before and after cleaning. Therefore, 
this specific light off-flavor seems to be 
persistent even after a cleaning opera-
tion (Table 4).

According to these results, cleaning 
of back pans with acetic acid solution as 
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Table 4: Taste of maple syrups produced before and after cleaning of both tested 
evaporator types.

Figure 2: Average concentration of ace-
tic acid in maple sap concentrates before 
and after cleaning of tested evaporators.

it was performed in this study would 
not significantly affect the composition 
and the commercial properties of maple 
syrup.

Contents of acetic acid

The average concentration of acetic 
acid in syrups produced before and after 
cleaning are presented in table 5. In gen-
eral, it showed no significant increase in 
the concentration of acetic acid in syrup 
produced after cleaning of evaporators. 
No significant increase was recorded in 
syrup produced after cleaning of three 
evaporators tested (Er-1, ER-3, and ER-

4). Also, a significant decrease in acetic 
acid in syrups produced after cleaning 
was observed for two evaporators (Er-5 
and Er-6). 

So, syrups produced with five tests 
did not show any significant increase 
in the concentration of acetic acid relat-
ed to cleaning with acetic acid. Syrup 
produced after cleaning of evaporator 
Er-3 had a notable but not significant 
increase while syrup produced after 
cleaning of evaporator Er-2 had a light 
but significant increase. This increase 
stayed during the three hours of pro-
duction of a large volume of syrup fol-
lowing cleaning which would not be re-
alistically related to residual amount of 
acetic acid used for cleaning. This can 
be explained by the sharp increase of 
average concentration of acetic acid in 
sap concentrate used immediately after 
cleaning of the evaporator equipped 
with automatic cleaner (Figure 2). This 
increase would hardly come from a 
residual amount of acetic acid know-
ing that the concentration of acetic acid 
was stable and relatively high in sap 
concentrates during the three hours of 
production after cleaning for Er-2 and 
Er-3. 

Further, the average concentration 
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Table 5: Average concentration of acetic acid in maple syrup produced one hour before 
and three hours after cleaning with acetic acid (mean±SE)

of acetic acid in the last hot filtrate af-
ter rinsing of back pans of these evap-
orators was very low and around 0.6 
(ppm). It is likely, however, that mi-
crobial activity in sap concentrate was 
stimulated after the cleaning. This is 
specially observed for the third test 
performed at the end of season (Er-3) 
when the atmospheric temperature was 
higher. The concentration of acetic acid 
in the syrup produced before cleaning 
of Er-3 was 3.6 times higher than con-
centration recorded in syrup produced 
in Er-1 (Table 5) showing a great varia-
tion in the natural concentration of this 
compound. Therefore, this apparent in-
crease could be explained by the natu-
rally higher concentration of acetic acid 
previously found in the corresponding 
sap concentrate used immediately after 
cleaning of this evaporator.

As explained above, acetic acid is an 
organic acid which is present naturally 

in maple sap. So, to follow the variation 
of its concentration between sap con-
centrates and corresponding syrups, 
concentration factor of this acid be-
tween these products were estimated. 
This permitted evaluation of the pres-
ence of residual amounts of cleaning 
acid in produced syrups. The ratio of 
concentration factors after cleaning and 
before cleaning was less than one for all 
tests (table 5). This shows that the con-
centration of acetic acid in syrup pro-
duced after cleaning of all evaporators 
including Er-2 and Er-3 is related to its 
natural concentration found in the cor-
responding collected concentrates. 

Since no change was observed in the 
concentration of acetic acid in sap con-
centrate used for traditional evaporators 
(Figure 2), no increase was recorded in 
its concentration in the corresponding 
syrup produced after cleaning (Table 
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5). This is also the case for syrup pro-
duced after cleaning of evaporator ER-1 
at the middle of season. Therefore, we 
can assume that syrups produced after 
cleaning with both types of evaporator 
do not contain significant amounts of 
residual acetic acid used for cleaning. 

Conclusion

Back pans of evaporators can be ef-
fectively cleaned with a 4% solution 
of acetic acid. This is a simple and low 
cost method for pan descaling during 
the season. The results showed, first, 
that cleaning with acetic acid solution 
allowed a good descaling of pans. Sec-
ond, the composition and properties of 
syrups produced after cleaning were 
similar to those of syrup produced be-
fore cleaning. Third, syrups produced 
after cleaning were not affected by resi-
dues of acid when a good rinsing pro-
cedure was employed such as the one 
performed in the present work. It is rec-
ommended to ensure that the pH of the 
last hot rinsing filtrate is higher than 
6.0 after cleaning. This way, descaling 
of back pans of evaporators with acetic 
acid during the sugar season can be a 
safe and suitable method for the pro-
duction of regular and certified maple 
syrup.
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