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aple 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.
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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.

Scaling: continued on page 11
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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.
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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

1
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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

Figure 1: Sample of dried scale recovered
from back pans of traditional evaporator.
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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 (uS/cm)
indicating a removal of similar amount
of mineral ions remained on back pans.

Scaling: continued on page 14
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Parameters Automatic cleaner Traditional
Before rinsing | After rinsing Before rinsing | After rinsing
pH | 6.4 £0.2° 63x0.1" 6.2x05° 53204
Electrical | 24.4 & 25,3" 3891 27F 7717 255+ 7.3

Conductivity
{pSfem)

Acetic acid | 0.07= £ 0.0" 0.8* + 06" 0.25" £ 0.0° 96+79"
(mgikg)

* concentration is kess than quantification [imit=1 (mgfkg).
Table 1: Physicochemical properties of last hot filtrate before and after rinsing of back
pans for the two types of tested evaporators.

Scaling: continued from page 13
Syrups composition and properties:

Table 3. Potassium (K+) and calcium
(Cat++) remained the two main min-
eral ions in all produced syrups. The
concentration of calcium and phos-
phor was increased slightly in syrup

Syrups produced before and after
cleaning had similar chemical charac-

teristics. No significant changes in the duced after cleanin th
Brix, pH and electrical conductivities ~ Produced a ter cleaning the evapora-

tor with the automatic cleaner. This

b d on tested Tabl
;\;ere observed on tested syrups (Table is probably related to the higher heat
' transfer of cleaned pans, which led to
Likewise, syrups had similar con-  a reduction of syrup’s cooking time

tent of main mineral ions as shown in
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Type of evaporator Automatic cleaner Traditionnal
Parameters Before After Before After
cleaning cleaning cleaning cleaning
Brix (%) | 675 £0.3" 67.6+0.5" 66.1+08° 665 +0.4"
pH |68 +02° 6702 70£03 7.0+ 004"
Electrical Conductivity | 198 £ 38" 208 + 49" 230 + 50° 208 + 35°
{USfem)

Values with the same letter are not dfferent significantly [p = D{IT.E-]

Table 2: Physicochemical properties of maple syrups produced before and after

cleaning with solution of acetic acid.

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

Scaling: continued on page 16

Content (mg/L) Automatic cleaner Traditional
Before Aftar cleaning Eefore After cleaning
cleaning cleaning
Potassium (K') 2476 £253 | 2508+217 | 24661654 | 24051644
Calcium (Ca™) 8184525 | 1000+844 | 715+367 | 808%318
Magnesium (Mg™) | 189 + 55" 210+ 78 248 £ 89 253+ 69
Manganese (Mn™) | 33:23" | 74292 50480 38458
Phosphor (P™) 47+39 | 82196 | 62:46 | 50%31

Walues with the samea letter are not different significantly (p = 0.05)

Table 3: Contents of mineral ions in maple syrup produced before and after cleaning
with acetic acid (mean + SE).
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v: Slight trace of undesirable taste and odor,
VR1: Unpleasant taste and odor of natural origin.
VR4: Unpleasant taste and odor of unidentified origin

Type of evaporator Automatic cleaner Traditional
Syrup taste Before After cleaning | Before After cleaning
cleaning cleaning
Good flaver | 2 2 2 2
Good with light off- | 1 1 0 0
flavar (v-VR4)"
Good with light off- | O ] 1 1
flaver (v-VR1)*

*: According o table of syrup taste classification by inspection division of Centre ACER

Table 4: Taste of maple syrups produced before and after cleaning of both tested

evaporator types.

Scaling: continued from page 15

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-

:

W before ceanirg

Walter claning

Acetic schd [mgSig)

AL Chaner Tradithonal

Figure 2: Average concentration of ace-
tic acid in maple sap concentrates before
and after cleaning of tested evaporators.
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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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Type of Sugarbush Concentration of acetic acid FCacid/*Brix)
evaporator (malkg) (after/before)
Before cleaning After cleaning
Automatic ER-1 303+49° 45T 09
cleaner ER2Z 356 +10.4° 8225 0
ER-3 1093 £ 52° 1780 + 436" 09
Average 584 + 442° 834+ 821" 0.93
Traditional ER-4 220+ 82" 171 £ 40° 06
ER-5 B39+ & 7" 357 £ 78" 0.7
ER-& 357 £ 7O 298 +20° 0.6
Average 406 £ 214* 276+ 95" 0.54

Values with the same letter are not different significantly (p = D.05).

FC: concentration Factor
AF: after cleaning
BE: before cleaning

Table 5: Average concentration of acetic acid
and three hours after cleaning with acetic acid

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
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in maple syrup produced one hour before
(mean+SE)

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

Scaling: continued on page 19
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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.
Acknowledgements

We would like to thank the North
American Maple Syrup Council (NAM-
SC) and Federation of Quebec Maple
Syrup Producers (FPAQ) for their fi-
nancial support for this project. The
authors wish also to thank the four pro-
ducers who collaborated in the project.

References

Allard, G. B., & Belzile, M. (2004). La-
vage de I'évaporateur pendant et apres
la saison. In Centre de Ré-férence en

February2018

Agriculture et Agroalimentaire du
Québec (Eds.) Cahier de Transfert
Technologique en Acériculture. (chap.
11), Bibliotheque Nationale du Qué-
bec, Sainte Foy, Québec, Canada.

Arzate, A., Robaire, S., & Batungwa-
nayo, A. (2013). L’entartrage des échan-
geurs de chaleurs dans l'industrie
alimentaire : problématique acéricole.
Document interne du Centre ACER,
4010052-rv1-0813, pages 1-51.

Gallander, J.F., Hacskaylo, J., Gould,
W., & Willits, C. (1967). Environmen-
tal and Chemical Factors Associated
with Maple Sugar Sand Formation.
Wooster, Ohio: Ohio agricultural re-
search and development center.

Heiligmann, R.B., Koelling, M.R., &
Perkins, T.D. (2006). North American
Maple Syrup Producers Manual, Sec-
ond Edition.

Lagacé, L., Leclerc, S., Charron, C., &
Sadiki, M. (2015). Biochemical compo-
sition of maple sap and relationships
among constituents. Journal of Food
Composition and Analysis, 41, 129-
136.

Isselhardt, M.L., Van den Berg, AK,, &
Perkins, T.D. (2012). Chemical compo-
sition of scale in maple syrup evapora-
tors. Maple Syrup Digest, 24A, No. 4
December, 23-28.

Perkins, T.D., & Van den Berg, AK.
(2009). Maple syrup-production, com-
position, chemistry and sensory char-
acteristics. Advances in Food and Nu-
trition Research, Vol 56, 101-143.

Van den Berg, A K., Perkins, T.D., God-
shall, M.A., & Lloyd, S.W. (2009).
Effects of air injection during sap
processing on maple syrup color,
chemical composition and flavor vola-
tiles. International Sugar Journal, 111
(1321), 37-42.

19



