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Accurately meanying density is critical o the
preducrion of pure maple srup.  Hisorcally,
sugarmakers have relisd on thermomerers and
or hydromeers o determine when syrup he
reached the desiped density. These insruments
remain valuable rols today:. Refraciometers are
another ool that mn be wed w make precss
dergity measurements.  Like all insmuments, o
E= accurate measurements chey must be wssd
propedy and in sccordance wich che manufac-
turer's instructions.
sure the ameount of light refracted (bent) chrough
a piven liquid sample in order oo decermine den-
sicy. The miore dissoheed solids, primarily sugar in
the maple indusicy, chat are concained in the lig-
uid, the maee the light is bent. Dhigieal refractom.
eters poasess cheir own light source and light sen-
sar whersas analop refracrometers rely on sunlight
s the light source and the readers eye @ the sen-
sor. Analog refractoamsters also require the uer o
visually interprer where the “shadowling® crosses
the graduared scale.  Digiral refractometers hawe
an LCD display that auromatically provides the
weer with the densicy value, Several companies
markeer pefracrometers (digical and amalog) direct
by to the maple indusery.

The accuracy of a refracometer iz gready
m@:tedb]ml.puum Ihenppammdensrl]'
:fnhquddﬂmwlrhummlgtﬂnpmtum
It is impartant cherefore that the emperanre of
the sample, temperature of the istrument and
the air temperatare can all be in sguilibrium
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before a measurement is aken. Some manual
and moast digital refractometers Feanare aumo-
the tempemnare of the sample being mea-
sured. The small mass of the sample used in
a refractometer means that bor samiples cool
drmmarically within the Arse minuee of collec-
fen. Bakee sups you undersrand che eempen-
‘re range thar your instrument is designsd o
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As gap is transformed into maple syrup wich-
in an evaporatar, it frequently bevomes doady
due in part to minerl precipitates (supar sand
ar pitre) and other material that acoumubies
during the bailing process. The extent of the
toegeasan as well as within @ season, Inoaddi-
tion, many sugarmakers vse diatomaceous
carth (D) as a fileer aid. Syrup mized with
[E can also appear cloudy Given the critical
role light plays in hew a refmctameter works,
questions often arise as to whether acourare
readirgs with refmctaometers are possible wich
doudy samiples. To answer this question, a
series af paired fileersd and unfleered mocen-
trated sap samiples and myrup samples mized
with [JF were measured for dersity using a
digiral refractometer.

Fightern samiples {500ml) of partially bailed
sap were collscted simubtaneoushe from each of
six partitions of an cil-fired, 310 evapom-
tor. The samples capnared che emiire gradient
af density from where sap enters the evapo-
ratar ta where nearly finished srup exits the
drw-off partition. Samples were placed in
clean gl jars and frozen for Furure analysis.
[ni the lab, samples were allowed to chaw and
reach a stable room ternperature (<72 *F). A
muagnetic sirring bot plate (hearing element
tarned off) was used o ennare the samples
were well mied. Tempemnare of sach sam-
ple was measred and recocded using a ther-
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mocouple probe and data Jopper (Gmphee:
model 2G1200, Graphres America). A small
subsarnple of the unhlbersd material was then
taken and measured for dersity using a digi-
tal refractometer (Falm Abbe, Misco model #
Ph2o2, Cleveland, OH). The refractometer
has a stated precision of 0.1 Brix and auta-
matically temperature compensation wichin a
range of 32-167 “F A subsample was taken
and then Altered using a glass Gber syringe pre-
fileer (Fischer Scimtific & 09740450, Densiny
was agin measured wing the digiral refrac-
tometer.

A second experiment used eight samples of
pure maple srup o deermine if DF mized
with sprup would yield different refractom-
eter t= than the pure syrup alome.
A subsample of sprup (approximacely 20 g
was mized with 0.20 g DE [Dicalite Minerals
Carp) to produce o vinully doudy sample.
Syrup dersity was messured for each pair fwith
and withour DE) using a digital refractameter.

FIGURE 1:
maple sap belore fikerng (ell) and aler
right).

Sample of eoncertraled pune

Filtering was successful ar removing wvisible
nepended matedal (Figure 1), As expected,
there was a broad rarge of density in samples
taken throughout the evaporatar. Samples
nemr the inler of the svapararor had a densiy
betwesn 10 to 15 *hix Sampls taken fram
the dmwodf partiion were a5 high as 64.3
brix. Cloudiness caused by niter did not have

a detectible sffect on refractometic densin
measurements of amy concencmeed sap smples

(Higare 2).

FIGURE 2: BEfect of fltading on solulion
dansly (“Bris) massured wilh & reftacksm-
elar lrom & rengs of concenliated maple
S SAMPES,

Syrup mized with DE appearsd visualb
cloudy (Figure 3. The greavsst difference in
dersity meanared with a refractometer was 0.1
*heix, which i within the sated precision of
the refractoameter

FIGURE 5: ENect aof filbaring on soluticn
dansity (*Brix) measured with & refraciom-
eler rom & range of concanirated mapls
sap samples,

The renalis of the second experiment dem-
ment of *brix in pues maple sprup and sTup
mixed with DE yield the same value (Figure
4). How can it be thar o device thar relies on
light passing thought a liquid would noc be
affected by a coudy sample? The conserue-
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tion and operation of a refractometer holds the
answer A refractometer mesmares cthe degres
to which light is bent {or nefracted) while
paming through a given sample, but not the
arnount of lipht thar passes chrough.

FIGURE 4: Efect of DE suspanaad in sight
LIt MADIS SYUP SAMPES on relractometsn
messUned SyTUD density (PBi),

Instruments thar messare light tmosmic
tance (%1 'c) to determine color grade of maple
sprup on the other hand are highly impacted
by doudy samples. In a digital refractometer,
light souce and sensor are oo the same sids of
the sample and not on appasite sides as might
be amumed  Swpended material (minemls,
CE etc.) thersfore does not interfers with the
refractive messurement {unles the mmple is
so cloudy thar no light can pass). While a
cloudy sample mighe impacr the overall brighs-
ness of the image in the eyepiece of an analog
refractometer, it does not affect the underhding
reading,

It is impartant to remember several key fac
tars that will help to ensure sccurate measure-
ments with a refmctomessr.  Fefracometers
must be calibravsd aften (wich distilled water
or permears] or meanirements can be inoor-
rect. Samnples (sspecially bot samples) placed
uncoversd an the refmciometer will continue
to evaporate and can cause irrspulacky high
densicy . The greatess sounce of
ermor is likehr fn.i.l.l.ng o account for sme
ple temperatore.  Acourate measurements aps
abmminable by knowing the limitatiors of the
unit you are using and following the marmfac-




