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MAPLE SIRUP PRODUCERS MANUAL

By C. O. WILLITgi Bastern Utilization Research and De-
velopment Division, Agricultural Research Service

No one knows who first discovered how to make
siruE and sugar from the sap of the maple tree.
Both were well-established items of barte among
the Indians living in the area of the Great Lakes
and the St. Lawrence River, even before the ar-
rival of the white man (32, 92) .1

The maple crop, one of our oldest agricultural
commodities, is one of the few crops that is solel
American. Until only a few years ago, it was bot.
produced and }irocessed entirely on the farm.

Until recently, maple sap was collected and
converted to sirup in much the same way as it was
in 1900, when atmospheric evaporation equipment
was developed. This equipment was developed
not by engineering studies but by Yankee ingenu-
ity (149). Today, a strong research program on
maple sirup production is being conducted by the
Eastern Utilization Research and Development
Division of the U.S. Department of Agriculture
and by the experiment stations and agricultural
colleges of Michigan, New Hampshire, New York,
%Ohio, and Vermont. As a result of this research,
a noticeable change is occurring in the maple sirup
industry.

Maple sirup is a woodland crop. The trees grow
best at altitudes of 600 feet and higher ; therefore,
maple sirup is usually produced in hilly country.
Its production is a vital part of the local economy
in dozens of communities from Maine westward
into Minnesota, and south to Indiana and West
Virginia (chart 1). The same type and quality
of maple products are produced throughout the
area.

Maple sirup, like other crops, is subject to yearly
fluctuations in production because of climatic and
economic conditions. Production in the past has
been affected by the cost or supply of white sugar
and by the supply of farm labor. In 1860, a
record crop of 4,132,000 gallons of maple sirup
was produced. For the next decade the price of
cane sugar declined. Production of maple sirup
also de(ﬁined to a low of 921,000 gallons i
As cane sugar became scarce during World War I,
production of maple sirup again rose, slightly
exceeding the 1860 record. Production also in-
creased during World War IT. Since then,
tion has decreased (table 1) (114, 115).

*Italic numbers in parentheses refer to References
Cited, p. 107.

N

A

QQ\V,‘\\&\\;\\\\\ e

Chart 1.—A and B, range of hard maple trees; A, Range of
cial production of maple sirup. p

The decreased production since World War IT
is a reflection of the shortage of farm labor during
this period. Although the trend in the country
as a whole is downward, production of maple sirup
in Michigan, Minnesota, and Wisconsin has in-
creased. In fact, based on the number of tappable
trees, production in these States could exceed pro--
duction in New York and the Northeastern States.
For example, Michigan has one-fifth of the total
stand of maple trees. Canada’s total maple crop
is about the same as that of the United States (54).

Table 2 shows the number of maple trees of
tappable size and the percentage tapped in 1951.

Surveys in the eastern maple-producing areas
(115) of the number of maple trees tapped as well
as the total number of tappable size have shown
that the industry is not suffering from too few
trees. Although many sugar maples have been cut
for lumber, vast stands remain, and these stands
can supply our maple sirup needs. '



TaBLE 1.—MAPLE SUGAR AND SIRUP: T'7r¢es tapped, production, average price received by farmers, and

|

tmports, United States, selected years, 1918-60*

Production Price 3 Imports for con-
; sumption
Year Trees Total prod-| Average total
tapped Sugar Sirup uct in | product per tree Per Per
made made terms of i pound of|gallon off, Sugar | Sirup 4
sugar 2 As As sugar sirup
sugar 2 | sirup ? :
1,000 1,000 1,000 1,000 1,000
1,000 trees | pounds gallons pounds | Pounds | Gallons | Cents | Dollars | pounds | pounds
1918 . _____ , 053 11, 383 4, 141 44, 511 2. 61 (13 2 PR 3,807 oo
1925 . ... 14, 070 3, 238 2, 817 25,774 1. 83 .23 26. 9 2. 08 3,911 113
1930 ________ 13, 158 2, 134 3,712 31, 830 2. 42 .30 30. 2 2.03| 9,735 1, 575
1935 ________ 12, 341 1,241 3, 432 28, 697 2.33 .29 26.7 1.42 | 1,920 2,469
1940 ______. 9, 970 394 2, 601 21, 202 2.13 .27 29. 4 1.65 | 4,087 4, 660
1945 ________ 7, 685 202 1, 030 8, 442 1.10 .14 54. 6 3.21 | 4,131 1,232
1950_ . _____. 8, 090 246 2, 006 16, 302 2. 02 .25 77.2 4.12 | 6,549 5, 282
1965 . _. 6,138 [ ______ 51,578 12,624 (.. ______ 26 | 4. 68 6, 024 5, 044
1960 ||l 51,124 8992 | ______ |\ __ |\ttt 4.96 | 5742 | 10,009

1 For 1918-40, production estimates for Majne, Mary-
land, Massachusetts, Michigan, New Hampshire, New
York, Ohio, Pennsylvania, and Vermont; in 1945 Minne-
sota was added.

2 Assuming that 1 gallon of sirup is equivalent to 8 pounds
of sugar.

3 Obtained by weighting State prices by quantity sold
from 1945 to date; prior to 1945 weighted by production.

TasLe 2.—Tappable maple trees, and trees
' tapped, Eastern States, 1951

State Tappable Trees tapped
trees !
Thousands Number Percent
Maine_ ... ________ 53, 553 136, 000 0. 25
Maryland_.__________ 1, 660 28, 000 1.7
Massachusetts.______ 11,913 166, 000 1.4
New Hampshire.._.._. 12, 103 261, 000 2.2
New York 73, 128 1, 960, 000 2.7
Pennsylvania_ 33, 553 422, 000 1.3
Vermont____________ 25, 840 3, 118, 000 12. 1
West Virginia_.______ 13,031 | _______] I PR,
1 Larger than 10 inches in diameter at breast height
Table 3 shows the production of maple sirup by
the 11 principal States for selected years, 1926-63.

ECONOMICS

Maple sirup, a noncultivated, nonfertilized crop
derived from trees of the farm woodlot, provides
supplemental cash incomes for many farmers, and
it 1s the major cash crop for some farmers (21, 22,
119, 127, 129). The trees on 1 acre will provide
160 tapholes and an average yield of 1 quart of
sirup per taphole, or 40 gallons of sirup| per acre.
At $5 per gallon, this sirup provides an annual
per-acre gross income of $200.

¢ A gallon of sirup weighs about 11 pounds.
5 Includes sirup later made into sugar.

SourcEes: Data for 1918-50 from Agricultural Statistics,
1967, table 133 (116). Data for 1955 and 1960 from Sta-
tistical Reporting Service and Econonic Research Service.

With the advent of the central evaporator plant,
maple sap became a marketable commodity. An-
nual gross income for sap ranges from 70¢ to $1.90
per taphole for sap delivered at the evaporator

lant.
P The maple season is short and comes in the
early spring when most other farm activities are
slowest. Thus it does not compete with other farm
activities. Because the season occurs when off-
farm employment is at a seasonal low, it fits well
into a part-time farming program. )

Surveys in New York (5, 7), Ohio (56), Mich-
igan (84), and Wisconsin (702) have shown that
earnings from the production of maple sirup are
among the highest on the farm. Wages average
$3 per hour with a high of more than $5 for every
hour spent in cleaning equipment, tapping trees,
installing and taking down equipment, and col-
lecting and boiling the sap.

With the high annual cash crop and high wages
earned in producing sap and sirup, it is difficult
to understand why only 1 of 20 tappable maple
trees is being utilized. However, until recently
maple sirup production methods were antiquated,
at least when compared to modern methods of crop
and livestock farming, and the unfavorable work-
ing conditions made sap collection and sirup
making unattractive.

Both equipment and processing methods are
being modernized. Modernization should do much
toward making maple sap and sirup production
more attractive (64, 130). This modernization
inelndeg plastic pipelines for collecting and trans-



‘TapLe 3.—Rank of Statesin productipn of maple sugor, selected years, 192663

Rank 1926 1931 1936 1941 1946 1951 1956 1961 1962 1963
Vt Vt Vi IVt Vt. Vit Vi N.Y vVt
N.Y N.Y N.Y N.Y N.Y. N.Y N.Y Vt. N.Y
Ohio Ohio Ohio Ohio Pa. Ohio Ohio Ohio Ohio
a Pa Pa Mich Mich. Pa. Wis Wis. Pa.
Mich Mich Mich Pa Mass. Wis. Mich Pa Wis.
Wis is Mass N.H N.H. Mich. Pa Mich. Mich
N.H N.H N.H Mass Wis. N.H N.H N.H N.H
Mass Mass Wis Wis Maine Mass Mass Mass Mass.
Md Md. Maine Maine Md. Md. Md. Maine Maine
Maine Maine Md Md Ohio Maine Maine Md Md
N IR IR CEt e bt (I Minn Minn Minn Minn Minn

porting sap; taphole germicidal pellets; sanitary strong extension programs. These programs have
practices 1n tapping and sap handling; oil-fired brought the results of research directly to maple
evaporators; improved methods for evaporating producers. In New York, a leader in this pro-
sap, filtering sirup, and packaging the products; ~ gram, it is not uncommon for morethan a thousand
and the central evaporator plant. All these producers_to attend the annual “maple sirup”
changes have reduced labor requirements and pro- schools held throughout the State in the premaple
duction costs, and have contributed to producing  season.
better grades of sirup that have a correspondingly SUGAR MAPLES
greater value. Because of the relatively high fixed ) ;
costs for producing sirup on the farm, net income Only 2 of the 13 species of maple (Acer) native
may be too low when sap from fewer than 500 tap- to the United States are important in situp pro-
holes is available, and the sap could be more profit- duction (6, 48, 118, 145) .
ably sold to a central plant. Acer saccharum Marsh. (better known as sugar
gu'up can be sold immediately to produce ready maple, hard maple, rock maple, or sugar tree)
cash, or it can be held for a more favorable market furnishes three-fourths of all sap used in the pro-
or as a supply of raw material for producing more duction of maple sirup. Although this tree groxs
profitable maple roducts. If the sirup is held, it throughout the maple-pr oducing areas (chart 1),
Jan be used as collateral for short-term loans. the largest numbers are in the Lake States and the
Since 1940, the proportion of the maple sirup Northeast. Trees grow singly and in groups in
produced in the United States that has been sold|di- mixed stands of hardwoods. The trunk of 2
rectly to the consumer by the producer has|in: mature tree may be 30 to 40 inches in diameter.
creased. In many instances this has increased ~ Lhe tree 1s 2 prolific seeder and endures shade
returns for the producer. To stabilize this|ex- well but unfortunately does not grow rapidly. It

panded outlet, the producer has improved the ap- is best distinguished by its leaf (chart2).

pearance of the package and the quality of the Acer migrum Micha. F. (black sugar maple,
sirup so that it meets State and Federal specifica- hard maple, or sugar maple) grows over a smaller
tions. Many producers are obtaining larger| re- range than does A. saccharum. Tt does not grow

turns by converting their sirup to confections such 2% far north or south but is more abundant in the

as maple cream, and hard. and soft-sugar candies. western part of its range. This tree is similar to

~ " Maple sirup producers have formed associations A. saccharum, in, both sa production and appear-

so they can pool their stocks. The chief functions ance. Its principal distinguishing feature is the
of these associations are to maintain adequate sup- large drooping leaf of midsummer (chart 2).-

plies, to promote sales, and to maintain the qu lity Other species of maples commonly found in our
of the products. A number of communities hold hardwood forests are the red maple (Acer rubrum

annual festivals to stimulate interest in maple L.) and the silver maple (4. saccharinum 12.).

items. These trees, readily identified by their leaves
The central evaporator plant has made it|pos- (chart 2), are not_good sources of maple sirup
sible for the first time to separate sap produgtion because their sap is less sweet than that of A.
from the processing of sap to sirup. Thus, farmers saccharum and A. nigrum, and it often contains
can realize a substantial income from maple sap e}z:cesswe amounts OffSE}%M; sand. T}}f’ re;g mé‘:gl"a
ithout having to make large capital invest ents U etlrlnore _comgm;x}ll o d e l-wo, fl’st e%?ll d5; 1dentitie
in an evaporator house, an evaporator, sap stprage in the spring by the red ¢ofoF orus )
tanks, and miscellaneous equipment.

The States, in cooperation with the Agricultural
Research Service and the Extension Service of the Most maple sugar groves, commonly called sugar
U.S. Department of Agriculture, are conducting  bushes, are parts of stands of old hardwood forests.

The Sugar Grove



BLACK MAPLE jSUGAR MAPILE

RED MAPLE SILVER MARLE

Chart 2.—Leaves of the sugar maple (Acer saccharum Markh.),
red maple (A. rubrum L.), silver maple (A. saccharinum L), jand
black maple (A. nigrum Mischx. F.),

In the ideal Sugar grove, most of the other trees
have been cut out and the maples have been thinned
sufficiently to allow the trees to develop a good
crown growth (56). Thinning should be done gc-
cording to a carefully planned program, with the
assistance of the State extension forester and the
State forester for the area, If the stand is made y

entirely of maples, approximate] y the same volume
of sap is produced per acre regardless of the size

Figure 1.—Grove of maple trees with large crowns, which are
needed for large yields of sweet sap.

of the trees (22). Asthe number of trees per acre
decreases below 160 trees 10 inches in diameter at

cause the distance between trees requires longer
sap mains when tubing is used, and sap collected
by hand must be carrieq farther.

Figures 1 and 2 show a maple grove with the
large full crowns that are so important to the
production of large amounts of sweet sap.

For maximum returns, the grove should con-
tain at least 500 tapholes, that 1S, & minimum of
900 trees 10 inches d.b.h. Groves with fewer than
10 maple trees per acre are not profitable; groves
with 30 to 40 trees 25 inches d.b.h. are idea] (67).

Maples grown in the open—for example, along
the roadsige (fig. 3)—are excellent sap producers
(87, 58, 60) not only because they have large
crowns but also because they have a large leaf area,
which is necessary for both starch and sugar pro-
duction. Because of their shorter boles, roadside
trees do not make ag good saw logs as do trees that
grow under crowded conditions, Studies have
been conducted on the effect of fertilization (40).

Trees in a crowded stand have smaller crowns
and therefore are not good sap producers (figs. 4
and 5) because of their reduced leaf area.

The ideal sugar grove (figs. 6 and 7) requires
not only a planned spacing of trees but also a good
understory to protect the ground, keep it moist,
and permit growth of seedling maples to replace

Figure 2.—Same grove shown in figure 1 after defoliation, show-

ing the branch structure of trees with large crowns.



Figure 4.—Trees in a crowded stand have small crowns arld small

boles. This grove requires thinning before it will be & profit-

able source of maple sap.

mature trees that should be cut down (fig. 8).
Often these mature trees can be sold for lumber.
However, there is no such thing as a dual-purpose
maple tree—one that serves equally well as|a sap
producer and as a source of lumber—because the
factors favoring the growth of trees for the two
purposes are not compatible.

onsult your State extension forester, farm
forester, and county agent and work with them to
develop a management plan for your sugar grove.
Aim for 160 tapholes per acre.

Sap Yields

The yield of sap in a sugar grove should be
expressed in terms of the number of tapholes
rather than the number of trees. The yield per

Some trees have long
They make good saw logs but are

Figure 5.—Mixed stand of crowded trees.
boles and small crowns.
poor sap producers.

Figure 6.—An ideal spacing of maple trees, favoring the growth
of large crowns.

hole is independent of the number of holes per
tree. A mean range per taphole is from 5 to 15
gallons (86). However, a single taphole often pro-
duces from 40 to 80 gallons of sap in a single year—
the equivalent of 3 or more quarts of sirup.

The sugar content of the sap produced by dif-
ferent trees in a grove varies considerably (39, 99).
The sap produced by the average tree has a sugar



Figure 7.—This grove shows the effect of heavy grazing, a prac-
tice not recommended since it results in reduced sapwood
production, stag-headedness, loss of reproduction, and| root
damage caused by soil compaction.

Figure 8.—Removing overmature trees that produce sap low in
sugar tent, to rage growth of young stock. The high
cut is made to avoid some of the sap stain and diseased wood
associated with old tapholes.

content of 2° to 8° Brix.? Frequently, trees pro-
duce sap with a sugar content of less than 1° Bri
and occasionally a tree produces sap with a
content of 9° or even 11° Brix. A conservative
estimate is that the sap from four tapholes| will
yield 1 gallon of sirup. This sap most likely
would have a density of 2.2° Brix. Thus, 10 gal-
lons of sap from each taphole would be requi
yield 1 gallon of sirup.

No device has been developed that will enable
a maple sap producer to determine when sap will
begin to run. However, sap will flow fro the
tapholes over a period of several weeks. | The
greatest yield of sap may be produced in a single
run that occurs at the beginning of the periad, at

2 The density of sap and sirup is due to a mixture of
dissolved solids and not just to sugar. The physical in-
struments used to measure the density of sap and|sirup
do not distinguish between the density due to sugar and
that due to other solids. The degrees Brix (° [Brix)
means that the solution has the same density as a solution
containing a percentage of sugar numerically equal {to the
Brix value.

any time during the period, or at the end of the
period. In 1960 almost all the sap crop was col-
lected in a 24- to 48-hour period and the Brix value
of the sap was much higher than 2.2°. Many
producers reported sap of 5° Brix and higher.
Because of the large volume of sap collected in
this short period, many producers reported that
their buckets overflowed. How much was lost will
never be known. This loss would not have oc-
curred had plastic tubing been used for collecting
and transporting the sap.

Because of the large yield of sap in 1960 and
its high sugar content, many producers who sold
their sap to central evaporator plants received as
much as $1.90 per taphole. A yield per taphole
of 10 gallons of 5°-Brix sap having a value of
19.5 cents per gallon, gives $1.95 per taphole. On
this basis, a sugar grove with only 100 tapholes
per acre would produce a gross of $195 per acre.
This may answer the question that has often been
raised as to whether the sugar orchard should be
operated to produce sap or should he cut and sold
as lumber.

The yield and sweetness of the sap produced by
a tree varies from year to year, but trees that pro-
duce sap with a high sugar content and trees that
produce sap with a low sugar content maintain
their relative positions from year to year (101).
It is important to know the exact sugar content
of the sap produced by each tree. Measuring the
sugar content of sap is not difficult. All that is
needed is a sap hydrometer or refractometer, and a
thermometer.

To make the reading, float the hydrometer in the.
sap bucket or in a hydrometer can containing th
sap (fig. 9). Also, obtain the temperature of the

Figure 9.—Measuring the density of sap (° Brix) with a precision

hydrometer calibrated in 0.1 °. If the bucket contains too little
sap to provide the necessary depth for the measurement, trans-
fer the sap to a hydrometer can.



sap so the hydrometer reading can

rected. (The sap should contain no ice.
tract 0.4° Brix for temperatures of 32° to{50° F.,
0.3° Brix for temperatures of 51° to 59°, a;
Brix for temperatures of 60° to 68°.

The sap hydrometer is usually calibrated from
0° to 10° Brix, with divisions of 0.5°.
accurate measurement can be obtained by
hydrometer with divisions of 0.1° (fig. 9).

The amount of sugar in sap is of great e¢onomic
importance. A taphole that produces 15
of sap with a sugar content of 2° Brix yields 2.5
pounds of sugar, or one-third gallon of| sirup;
whereas a taphole that produces 15 gallons of sap
with a sugar content of only 1° Brix yields only
1.3 pounds of sugar, or less than one-fifth gallon
of sirup. The cost of producing the sirup from
both tapholes is approximately the same. Trees
producing sap with a sugar content of 10° Brix
are especlally profitable, as 15 gallons of sap from
1 taphole ylelds nearly 13, gallons of sirup, or
more than five times as much as the 2°-Brix sap.
Trees that produce sap low in sugar (1°
less) should be culled.

Research is being conducted at the Universities
of Vermont and New Hampshire, at the Ohio
Agricultural Experiment Station, and by the U.S.
Forest Service on the propagation of maple trees
from selected high-yielding trees (17, 28, 29, 30,
39). This research should eventually make it pos-
sible to set out maple orchards or roadside trees
that will produce sap with a high sugar ¢ontent.

Use of a germicidal pellet to prevent premature
drying up of a taphole may increase sap yjelds as
much as 50 percent. Since the results obtained
by using the pellet are due to its germicidal action,
it will not increase the sap crop in sugar| groves
where sanitary measures are already| being
practiced.

Summary

(1) Consult your State extension forester, farm
forester, and county agricultural agent and
work with them to develop a management
plan for your sugar grove. Aim for 160 tap-
holes per acre (160 trees 10 inches d.b.h. or 40
trees 25 inches d.b.h.).

(2) Remove all defective, diseased, and weed trees.

(3) Check the yield and sugar content (9 Brix)
of the sap from each tree. Cull trees that
yield sap low in sugar (1° Brix).

(4) For maximum sap yields use germicidal tap-
hole pellets.

TAPPING THE TREE

The sap of the sugar maple, from which sirup
and sugar are made, differs in composition from
the circulatory sap of a growing tree. know
little concerning this sap, or sweet water jas it is
called in western Pennsylvania. Intensive study
of maple sap at the University of Vermont (30,

31, 50-52) should lead to a better understanding
of its nature, function, and source, and of the
factors responsible for sap flows.

Sap will flow any time from late fall after the
trees have lost their leaves until well into the
spring, each time a period of below-freezing
weather is followed by a period of warm weather.
The sap will flow from a wound in the sapwood,
whether the wound is from a cut, a hole bored in
the tree, or a broken twig.

Date of Tapping

To establish a rule of thumb that can be used to
set the date for tapping sugar maples is not a
simple matter. The date should be early enough
to assure collecting large early flows of sap (59).
Michigan and New York provide sugarmakers
with radio weather forecasts of the correct tapping
dates (79). A similar service is being set up in
other maple-producing States including Massa-
chusetts, Vermont, and Wisconsin. Generally,
trees should not be tapped according to a calendar
date. In 1953 when this practice was followed,
many producers failed to collect the large early
flow that resulted from an’ unseasonable, early
warm spell. The danger of tapping too early is
now largely eliminated through use of germicidal
taphole pellets (75). When pellets are used, trees
can be tapped several weeks ahead of the normal
season. :

Selecting Trees

Selecting trees for tapping is of greatest impor-

tance and can be done at any time throughout the
ear.

Y Trees that produce sap with a density of only 1°
Brix, as determined with a sap hydrometer or re-
fractometer, should be culled. Culling must be
done during the period of sap flow (57). If time
does not permit testing all the trees during one sag
season, test as many as possible the first year an
test the remaining trees during succeeding years.

Trees selected for tapping should have a mini-
mum diameter of 10 inches at 414 feet from the
ground (d.b.h.) (fig. 10).

A good rule (13, 57) for determining the num-
ber o% tapholes that can safely be made in a single
tree is as follows:

Tapholes

Diameter of tree, per tree?
inches number
Less than 10 - 0
10 to 14__ 1
15 to 19____ - 2
20 to 24__ - —— 3
25 or more_ 4

1 Number of buckets.

To undertap a tree reduces the potential size of
the crop without any benefit to the tree. On the
other hand, to overtap (fig. 11) may seriously dam-
age the tree (65, 85).

Once the trees have been measured, they should
be marked so they will not have to be remeasured



Figure 10.~—Measuring the diameter of the tree to determine the
number of tapholes the tree will support.

each season. This can be done by painting a nu-
meral or a series of dots on the tree or by using
paints of different colors, such as white for 1 tap-
hole, yellow for 2 tapholes, ete.

Boring Tapholes

Tapholes are made by boring with either a
34-inch or a 7g-inch fast-cutting wood bit. |Al-
though tapholes can be bored by hand with a c¢ar-
penter’s brace (fig. 12), this method is used only
for very small operations.

For large operations, a portable motor-driven
drill not only speeds up the operation but alsp is
far less fatiguing. These drills are made in two
basic designs, one powered by a gasoline motor and
the other by an electric motor. In one of |the
earlier models that is still popular (fig. 13), |the
gasoline motor is mounted on a packboard and is
connected to the drill by a flexible shaft. In other
models, the drill is attached directly to the gasoline
motor, which is held in the hand.

The electric battery-powered drill is newer than
the gasoline-powered drill. It is light and free
from vibration and is fast becoming popular.
With either a gasoline- or an electric-powered drill,
one man can drill holes as rapidly as a crew of two
or three can set the spouts and hang the buckets or
bags, or install the tubing.

he hole is bored into the tree, preferably at a
downward pitch of approximately 5 degrees. The
downward pitch is especially desirable if germici-
dal pellets are used in the tapholes. The hole is
bored 3 inches deep or until stained heart wood is

Figure 11.—Overtapped tree (8 buckets on a 4-bucket tree).

Note attempt to tap over large roots.

Figure 12.—Boring the faphole at convenient breast height. The
hole is 6 inches from that bored the previous season.



Figure 13.—A gasoline-powered portable tapping drill with

flexible shaft.

Figure 14.—An electric battery-powered tapping |drill.

reached. Studies at Michigan State Unjiversity
(50) have shown that a taphole 8 inches deep
(fig. 16) produces up to 25 percent more sap than
a taphole only 2 inches deep.

The position of the first taphole is selected arbi-
trarily. The hole should be 2 or 3 feet above the
ground or, if there is snow on the ground, |as close
as possible to this height. This low position is
particularly well suited to the use of plastic tub-
ing. The compass location of the hole is not im-
portant. Data obtained in New York (7¢3) and

Figure 15.—The power tapping drill permits drilling the hole at
different heights.

Figure 16.—The taphole is bored into the tree 3 inches deep.

in Michigan (14, 85, 87) ® have shown that the
total yield is essentially the same regardless of the
compass location of the hole. However, the warm
side of the tree is favored. Data also show that
the height above ground level has little effect on
yield. The best practice is to make the new tap-
hole on successive years 6 to 8 inches from the pre-
vious year’s taphole, working up the tree in a

3 RoBBINS, P. W. INFLUENCE OF TAPPING TECHNIQUES ON
MAPLE SAP YIELDS. Mich. Agr. Expt. Sta., Farm Sci. Res.
Rpt. 28, 3 pp. [n.d.]



spiral pattern (fig. 17). With this procedure, the
roducer may tap his tree year after year in dif-
erent quadrants and avoid striking an old taphole
or dead tissue that has been hidden by new bark,
either of which would result in a smaller flow and
poorer quality sap.

When plastic tubing is used to collect sap t
is no minimal distance at which the taphole is lo-
cated above the ground, and an even larger area
of the tree becomes available for tapping. This
permits a longer interval between periods when a
repeat tap has to be made in the same area of| the
tree. :

The time required for new bark to grow over a
taphole depends on the health and vigor of|the
tree. It is not uncommon to find the hole nearly
covered in a year (fig. 18). The hole itself| re-
mains open, but fungus growth (98) may o¢cur
in the new hole and stain the wood several inches
above and below the hole and an inch or less to
the sides (figs. 19 and 20).

Figure 17.—Tapholes arranged in a spiral about the trée.

Figure 18.—In a hedlthy, vigorously growing tree, the taphole
will be completely covered with new wood and bark in 1
year.

Figure 19.—A split section of a tapped maple log showing the
longitudinal stain area above and below the taphole and the
new growth of bark that has covered the outside end of the
hole (left).

Life of a Taphole

A taphole should be usable from the time it is
bored until the buds begin to swell and the sirup
acquires an unpalatable or buddy flavor. In the
past, the taphole often dried up within 3 or 4
weeks after the hole was bored. Drying up is
caused by growth of micro-organisms in the tap-
hole rather than by air drying of the wood tissue
(12, 93, 94). When the microbial growth has
reached a count of 1 million per cubic centimeter,



Figure 20.—Cross section of a maple log showing stdined area
caused by fungus growth in old taphol The stains show
the exact contour of the holes including the area entered by the
screw of the bit, but do not indicate whether the holes lie above
or below the plane of the cut. Note that the stain {s confined
to the width of the taphole, which indicates that 3he lateral

damage to the tree is restricted to within one-half inch on each
side of the hole. But damage may extend several in
and below the hole, as shown in figure 19.

hes above

sa[i);vill no longer flow from the hole, and it is said
0 be dried up (69).

~ In the past, a dried-up taphole was reamed to
make it flow again; it was assumed that this pro-
cedure would remove the air-dried w i
However, reaming was never successful.
has shown that the reaming bit did not sterilize
the hole. Reaming removed only a layer of the
microbial deposit; the remaining bacteria [kept on
growing. Soon, sufficient numbers w again
produced to stop the flow of sap. The newly de-
veloped germicidal pellets have prevented pre-
mature drying of the taphole.

®

Sanitizing Tapholes
Germicidal Pellets

A germicidal taphole pellet (fig. 21) has been
developed at Michigan State University ([/5). If
put into the taphole as soon as it is bored,|the pel-
let will keep the hole essentially sterile throughout
the sap season (6 to 10 weeks) and therefore will
permit flow of sap (4, 4, 6) each time the weather
isright. If large early flows of sap occur, a second
pellet may be needed after 4 weeks. The active
ingredient of the pellet is paraformaldehyde
which, because of its germicidal effect and low
solubility, makes it ideally suited to this use. Each
pellet must contain a minimum of 200 milligrams
»f available formaldehyde at the time it is placed
in the taphole.

The function of the pellet is to contribute enough
formaldehyde to the 1 to 5 milliliters of sap re-
maining in the taphole between flow periods to
keep microbial growth to a minimum. When the
sap is flowing, the short time it is in contact with
the pellet permits only a trace of formaldehyde
(less than 5 p.p.m.) to be dissolved. This small
amount of formaldehyde is removed from the boil-
ing sap while it is being concentrated to sirup in the
evaporator pan. The very low concentration of
formaldehyde in the sap in the storage tanks will
not maintain the sap in a sterile condition (720,
121). Thisis fortunate because it is sometimes de-
sirable to culture the sap with specific micro-orga-
nisms or enzymes. Sap is cultured as one step in
producing high-flavored maple sirup ; it is also cul-
tured to destroy substances that are responsible for
the buddy flavor in “buddy” sap (7). (gther germ-
icides are under investigation E%’, 37).

Because of the very low residue of formaldehyde
in sirup, the U.S. Food and Drug Administration
issued in February 1962 a regulation governing its
use (117).

However, under no circumstances should more
than one paraformaldehyde pellet be placed in a
taphole, nor should formaldehyde be added to the
storage tanks. To do either might raise the con-
centration of formaldehyde in sap and contribute
to a high concentration 1n the sirup. This would
produce sirup containing more formaldehyde than
specified in regulations of the U.S. Food and Drug

Figure 21.—A germicidal pellet is inserted in a taphole immediately
after the taphole has been drilled or after it has been flushed
with hypochlorite solution.



Administration or of the State in which the sirup
is made.

While pellets were being developed and dufing
the first 2 years they were used commercially
(1962-63), records show that when weather lwas
favorable to microbial growth in the tapholes, pel-
lets doubled or trebled the yield of sap. Pellets

_are less effective when good sanitary practices| are
followed or when the entire maple season remains
cool, since microbial growth is retarded under these
conditions.

Elimination of the cause of premature drying of
the taphole permits tapping the tree before the ap
season with the assurance that the first as wel] as
the late run of sap will be obtained. Also, the
cause of diminished flows throughout the seaton
is eliminated. Both of these factors increase
Kields of high-quality sap and decrease the mhn-

ours required to harvest sap (744). Germicidal
pellets are especially desirable where plastic tub-
ing is used to collect and transport sap in the
woods. The pellets help to keep the pipeline (tub-
ing) clean ang sterile.

Chlorinated Solutions

In many sugar groves, chlorinated solutions are

being used to control microbial growth in the tap-
hole (720). The best procedure is to flush the
taphole as soon as it is drilled with a solution cdn-
sisting of 10 parts of a commercial hypochlorite
solution (containing approximately 5.25 percent of
sodium hypochlorite) and 90 parts of water (fig.
22).
Often where there is a week or more between s P
runs and particularly if the nonrunning period |is
warm, the tapholes should be reflushed with a solti-
tion of the same strength. Where this chlorina-
tion procedure has been practiced, a change to
germicidal pellets may not increase sap yields.

Summary

(1) Do not tap by the calendar.
State’s maple weather reports.

(2) Tap before the sap-flow season.

(3) Make 1 taphole in a tree 10 inches in diameté(r
and 1 additional hole for each additional |5
inches of the tree’s diameter.

(4) Make the taphole with a 3g-inch or 7 ¢-inch
fast-cutting (special) wood bit.

(5) Use a power tapper if the grove is largE

Follow your

enough to justify the expense.

(6) Bore the hole into the tree to a depth of
inches at a slight downward pitch.

(7) The location of the taphole in respect to com
pass position and roots is not important.

(8) Space the holes at least 6 inches apart (cir
cumference of tree) and in a spiral pattem{

(9) Sanitize the taphole.
per taphole.

Use 1 germicidal pelle

Figure 22.—Flushing the taphole with a 10-percent commercial
hypochlorite solution.

SPOUTS AND BUCKETS

Sap Spouts

The spout or spile has three important func-
tions: (1) It conveys the sap from the taphole to
a container; (2) it either connects the plastic tub-
ing to the taphole or serves as a support on which
to hang the sap bucket or bag; and (3) it keeps
adventitious (wild or stray) bacteria from gain-
iIng access to the moist taphole, which should re-
duce infection if plastic tuging is used.

Over the years a large number of sap spouts have
been designed and used, with specia{) features
claimed for each. The earliest spouts were hollow
reeds, often a foot or more in length. Two reeds
inserted in adjacent tapholes carried the sap to the
same container (fig. 23). There are only a few
basic differences in the design of the various sap
spouts. Some have a large opening at the delivery
end. Others have a hook to support the bucket
and a hole for attaching the bucket cover. On
others the bucket is supported directly on the spout.
All commercial spouts are satisfactory. A few
spouts are shown 1n figure 24.

Plastic spouts are used with plastic tubing and
they have tubulations to which the tubing is at-
tached.



Figure 23.—Reed sap spouts, the forerunner of metal spouts.

All spouts have a tapered shoulder so that when
they are driven into position in the taphole, they
form a watertight seal with the bark and outer
sapwood but leave a free space between the sap-
wood and the spout. In setting the spout (fig. 25),
care must be exercised not to split tline tree at the
top and bottom of the taphole. A split results in
sap leakage and often all the sap from that hole
is lost. 'Igo strike the bark a sharp blow damages
the tree and often kills an area for several inches.

Spouts should be cleaned at the end|of each
season. Metal spouts can be washed by tumbling
in a small concrete mixer containing a solution of
a good detergent. Just before the spouts are taken
into the sugar grove at the beginning of a sap
season, they must be sterilized by heating|them in
boiling water for 15 minutes or longer. ’I%le spouts
are then put in a pail and covered with a chlorine
solution containing 1 cup of a commercial bleach

(5.25 percent of sodium ﬁy ochlorite) in [1 gallon
of water. The pail of chlorine-wetted spouts is
carried into the sugar grove. Rubber or rubber-
coated canvas gloves must be worn to protect the
hands from the strong bleach.

Rainguards

Heavy rains often occur during the saﬁ) season.

Rainwater running down the tree picks|up dirt

762-801 0—65——2

Figure 24.—Wood and metal sap spouts.

and leaches tannins from the bark. Both the dirt
and the tannins, if permitted to get into the sa
bucket, lower the grade of the sirup produced.
Most sap spouts are provided with “(frip tips” to
deflect runoff rainwater from the tree and prevent
it from entering the bucket. In heavy downpours,
drip tips are often inadequate. Use of a simple,
homemade rubber rainguard (fig. 26) prevents the
heaviest runoff rainwater from entering either a
sap bucket or bag. '

o make a rainguard, cut a 2-inch square from
a thin sheet of rubber, such as an old innertube.
With a leather punch, cut a %g-inch hole in the
center of the square. Slip the rainguard over the
end of the spout near the tree and set it far enough
forward so that when the spout is seated in the
taphole there will be a free space of 14 to 34 inch
between the rubber guard and the bark of the tree.

Sap Buckets and Bags

Three types of containers have been used to col-
lect the sap from the spout: (1) The wooden
bucket; (2) the metal bucket; and (3) the plastic
bag.

The wooden bucket, because of its size and the
care required to keep it watertight, has largely dis-
appeared from use.



Figure 25.—Setting the sap spout.

Figure 26 —Rubber rainguard prevents water from reaching the
sap bucket.

Zinc-coated 15-quart buckets are the most com-
monly used metal buckets. Large 20-gallon gal-
vanized cans that eliminate daily collection of sap
are used in some “cold” sugar groves (high alt1-
tude, northern exposure). In a cold grove, the
buckets often contain ice sap which retards micro-
bial growth. The minute amount of zinc that is
dissolved from the galvanized coating by the sap
tends to reduce microbial growth, but the germici-
dal effect is nullified if the zinc coating 1s over-
layed with a deposit from the sap (97). It can
be made effective again by carefully removing
the protective film overlaying the galvanized sur-
face. The 20-gallon containers tend to reduce
microbial growth more than do the smaller buckets
(24). Lead-coated metal (terneplate) or lead-
soldered buckets and buckets painted with lead
paint should not be used because the lead may be
dissolved by the sap, especially sap that has been
allowed to ferment and sour. Sirup made from
this sap may contain illegal amounts of lead.
Aluminum buckets, which are being subsidized in
Canada, tend to eliminate most objections to
metal buckets.

Every bucket should be provided with a cover
to keep out rain and falling debris. Covers are
of two general types: Those that are attached to
the spout (fig. 27) and those that are clamped to
the bucket (fig. 28).

The plastic sap bag (fig. 29), a comparatively
recent development, met with much favor, espe-
cially before the development of plastic tubing.
Some advantages of plastic bags are: (1) Because .
of their small bulk and weight, they require min
imum storage space, and they are easily trans-
ported to the woods and hung. (2) They have a
self-cover that encloses the spout when the bag is in
place, and thus limits access of micro-organisms to
the open end of the spout and to the taphole. (3)
Emptying the sap is a one-handed operation (fig.
30). The bags need not be removed from the
spout; they can be rotated on the spout. (4) Be-
cause they are transparent to sunlight radiation,
which is lethal to micro-organisms, they tend to
keep the sap sterile (68). Sterile sap contributes
to tﬁe production of high-quality sirup.

Some disadvantages of plastic bags are: (1)
They may open at seams, especially if the sap in a
filled bag freezes. (2) They are difficult to empty
when filled with ice. (8) The bag may be too
small to hold a day’s run. (4) The bags are sub-
ject to damage by rodents. (5) Washing and
rinsing the bags may be difficult.

Summary

(1) Any commercially available spout is satisfac-
tory.

(2) Use only clean, sterile spouts.

(83) Drive the spout into the taphole with a firm
enough blow to seat it securely, but do not
drive it so far as to split the bark and wood.



Figure 27.—Sap bucket cover attached to the spout by means of
a pin. With this type of cover, the bucket must be lifted free
of the spout for emptying.

Figure 29.—Plastic sap bag: The amount of sap is easily seen and
accumulations of sap, even from short runs over a long| period
of time, tend to remain sterile because vltraviolet rays pf day-

light are transmitted through the plastic. The bag has fits own
plastic cover. Since the spout is completely covered, it| is free
from contamination.

Figure 28.—A clamp-on cover stays fixed to the bucket and is not
easily blown off. With this type of cover, a bucket that is
attached to the spout by means of a hook must be lifted free of
the hook for emptying: However, a bucket that hangs on the
spout by means of a large hole that will slip over the spout can
be emptied by rotating the bucket and cover on the spout.

Figure 30.—Emptying the plastic bag by rotating it on the sap

spout mokes it a one-handed operation.



(4) Use a 2- x 2-inch rubber runoff rainguard on
the spout.

(5) Carry clean, sterile spouts wetted with ﬁx
dilute, hypochlorite solution into the sugar

ove.

(6) 860 not use buckets coated with lead paint or
with terneplate.

(7) Use containers large enough to hold a normall
day’s run of sap.

(8) Use only clean sap buckets or bags.

(9) Use covers on all sap buckets or bags.

COLLECTING THE SAP

Collecting (gathering) sag by hand (fig. 31) is
the most expensive and laborious of all maple
sirup-making operations and accounts for one-
third or more of the cost of sirup production.

When buckets or sap bags are used, much time
can be saved if the trees to be serviced on bot
sides of a roadway bear a mark to distinguis
them from the trees to be serviced from an ad
jacent roadway. This prevents servicing the same
tree from both roadways. Different colored paints
can be used to mark the trees.

Another timesaver requires punching a secon
hole in the sap bucket opposite the original hole
and painting a stripe from that hole to the botton
of the bucket. The buckets arehung first from one
hole (for example, with the stripe away from the
tree and plainly visible) ; after they are emptied
they are hung from the opposite hole. This makes
it easy for the sap collector to tell whether a bucke

Figure 31.—Collecting sap by hand is expensive. Usually twqg
pails are used to collect the sap from the sap bags or buckets
and the sap is carried by hand to the collecting tanks.

has been emptied and keeps him from skipping
full buckets as well as wasting time revisiting
empty buckets. The only objection is that a bucket
with holes on both sides holds less sap than a bucket
witlll one hole because it hangs from the spout at an
angle.

Some producers empty the buckets by rotating
(spinning) them on the spout. This requires the
use of a cover attached directly to the bucket and
a spout on which the bucket is hung by means of
a hole in the bucket. More sap may be spilled when
buckets are emptied by spinning than when
they are lifted free of the spout and tree. Spillage
of sap when transferring it from bucket to gather-
ing pail and from pail to collecting tank may ac-
count for an appreciable loss of the sap crop.
Plastic tubing eliminates this loss.

Sap must not remain in the buckets more than a
few hours before it is collected. During short runs
that produce too little sap to warrant collecting,
the buckets must be emptied, even though this is
time consuming and expensive. The sap left
standing in the bucket will ferment and spoil and
will spoil other sap to which it is added in the
collecting or storage tanks.

Collecting Tanks

Collecting tanks vary in size according to the
needs of the sugar grove. The tanks usually are
provided with a strainer, baffled to prevent loss of
sap by splashing, and a drainpipe.

The method of hauling the tank is governed by
conditions in the sugar grove. The tank can be.
mounted on any of several types of carrier, in-
cluding stoneboat or skids, 2-wheel trailer, high-
wheeled wagon gear, and underslung rubber-tired,
2-wheel trailer gﬁg. 33).

High-mounted tanks should be avoided because
of the labor required to lift the sap (fig. 34).
Usually an additional worker is needed[.)

Figure 32.—No labor is required when tubing is used to collect
sap.



Figure 33.—Collecting tank mounted on a truck body. This type
of assembly does not require special rigs, but an additional man
is needed to empty the pails into the tank.

Figure 34.—Additional labor is required to lift sap td a tank
mounted on a trailer.

A rig of excellent design has a low-mounted
sump tank and a self-contained, power-driven

pump to lift the sap up to the large tank (figs.
35-38).

A new type of collecting tank being widely
adopted employs vacuum (suction) for filling.

Tanks to be filled by suction must be airtight and
structurally strong enough to withstand an ex-
ternal pressure of 15 pounds per square inch (1
atmosphere). Tanks larger than 300 gallgns re-
quire internal bracing. The vacuum can be ob-
tained by a separate pump or by connecting a line
from the manifold of the truck or tractor gngine
(fig. 39). To prevent sap from entering the en-
gine manifold, a float check valve is mounted on
the tank and the vacuum line is attached to this

Figure 35.—For large operations or for collection from roadside
trees extending along several miles of roads, the large tank
trailer is desirable.

(fig. 40). The check valve is similar to those used
in milking machines that prevent milk from enter-
ing the pump. If sap reaches the motor, it causes
serious damage.

A 1,000-gallon tank can be emptied and put back
into operation in only a few minutes. The suc-
tion line is a 1-inch hose, which will pick up 80
gallons of sap per minute. Instead of a slow-
acting valve in the suction line, a tapered plug is
used in the pickup end of the hose. This plug is
removed just before the hose is submerged in the
sa‘I) in the tank or bucket to be emptied.

f a closed tank and an engine manifold vacuum
system is not available, a pump-and-vacuum sys-
tem can be used (2). In this novel system, an air-
cooled gasoline motor operates a pump which, in
turn, creates a vacuum in a small tank. Thesap is
discharged into a conventional collecting tank.

Regardless of how the vacuum in the suction
(sap pickup) line is developed, this method of
collecting sap is efficient and fast, causes a mini-
mum of loss due to spillage, and can be used for
collecting sap from the conventional metal bucket,
from the large 20-gallon container, and from small
and large ‘storage tanks. Whether or not the
collecting tank has a vacuum line pickup, the tank
must be as large as roads and other conditions will
permit. The smaller the tank, the greater the

- number of costly trips that must be made.

Pipelines

Metal pipelines have been used in the maple
sugar grove for 50 years or more. The early
metal pii)e carried the sap over almost impassable
terrain, from one sugar grove to another or to the
evaporator house (figs. 41 and 42). Metal or
wooden troughs have also been used as “pipelines.”



Figure 36.—Sap is easily poured from buckets into a low Figure 37.—The sap is lifted from the sump by means of a pump.
sump tank, from which it is pumped into the large Power for the pump can be supplied by a takeoff from the
tank. tractor or truck engine or by a small gasoline motor.

Figure 38.—Vacuum lines operated by a vacuum pump can b
used to empty buckets and small containers in the woods o Figure 39.—~The vacuum is obtained from the manifold of the

at the roadside. truck engine.



Figure 40.—Float valve bly and ve (suction) line.

All of these pipelines, whether metal pipe or
metal or wooden troughs, had one serious| draw-
back ; they had to be installed with great care so
that there would be no sags in the line. Sags in

ipes permitted the sap to lie there and, when a
reeze occurred, the ice formed would often burst
the pipe. Sags in troughs permitted the|sap to
overflow. In addition, metal pipe was hard to
clean. Since metal pipes are opaque, therp is no
simple means to determine when they are clean.
Nevertheless, the saving in time and labor made
possible by these earlier pipeline systems justified
their use.

Summary

(1) Collecting sap by hand and hauling i is the
most. expensive operation of sirup making.
Examine all steps and introduce laborsaving
methods where possible.

(2) ‘})Yherever possigle, use pipelines to transport
the sap.

(3) Do ngt collect spoiled sap. Do not, allow
small runs of sap to remain in the buckets.

Figure 41.—Use of pipelines to carry sap over impassable areas
saves time. With a lateral system of dumping stations, col-
lecting tanks can be eliminated in some locations. The pipe-
line also makes accessible some sugar groves that would be
impossible to reach by tractor or truck.

Figure 42.—When the sugar grove is at a higher elevation than
the evaporator house, the pipeline carries sap from dumping
stations at the edge of the sugar grove to the evaporator house.
This eliminates long and costly hauls of sap.

(4) Do not spill sap when pouring it into collect-
ing pails and tanks. This can account for a
10-percent loss. :

(5) Use as large a collecting tank as possible to
avoid repeated hauls.

(6) Use a pump or vacuum to fill the tank.

(7) When vacuum is used, be sure the tank is in-
ternally braced to withstand the high external
pressures.

(8) Keep all equipment sanitary at all times.

PLASTIC TUBING

With the advent of plastic tubing, most of the
objections associated with metal pipes have been
overcome. Not only can plastic tubing be used for
collecting and transporting the sap, but also it is
cheaper to install, it has greater flexibility and
elasticity, and it is easy to keep clean. Wide ac-
ceptance of plastic tubing by maple producers (34)
has been a major factor in modernizing the 300-
year-old maple industry.



Use of plastic tubing has practically eliminated
the hard, unattractive labor of collecting sap|and
has lowered the cost of sirup making as much as
40 percent. No longer is it necessary to construct
expensive roadways through the woods to support
heavy tanks of sap and to open these roads after
heavy snows. ' Tapping need not be delayed until
the sap season has arrived. Large crews dg not
have to be hurriedly assembled to tap the trees and
hang the buckets. Instead, the lightweight plas-
tic tubing can be carried by hand through| the
woods when convenient.

Some setbacks were encountered when plastic
tubing was first introduced. Since it had
emphasized that sap issues from the tree
high pressure (35), systems for installing the pi
lines were patterned after those used for
pressure waterlines. It was anticipated
enough pressure was developed by the tree to
the sap through the pipelines, but this was| not
true. The sap leaks from the tissues of the|tree
under a wide range of pressures, from very|low
(almost immeasurable) to as much as 40 pounds
¥er square inch. The pressure is affected by many

actors, among which are the temperatures of the
air, tree bark, and soil. In many runs, and often
throughout most of a run, sap leaks from the|tree
under very low pressure. Thus, only a slight ob-
struction in a pipeline provides sufficient back pres-
sure (resistance to flow) to equal or excee(i the
pressure at which the sap is being exuded from the
tree. Hence, sap flow is prevented.

Causes for back pressures (obstructions)-in the
line are (1) gas (valpor) locks resulting from
pockets of gas exuded from the tree along with the
sap (7) or from air pockets that result from air
that has leaked into the tubing around the different
connections, especially at the spouts (through the
vent tubes) ; 32) low places in tﬁe line where ppck-
ets of sap collect, and (3) ice plugs of frozen sap.
Of these three causes, gas locks are most frequent
and may cause enough back pressure to support|a 5-
foot co{umn of sap. However, gas loc]gs can be
kept to a minimum by careful installation and by
providinig vents to free the traﬁ{ped gases or air.

The effect of ice in the pipelines is a controver-
sial subject. Many believe that by the time| the
air temperature has risen sufficiently to cause|sa
to flow from the tree, the tubing will have Warmeg
sufficiently to partly melt the ice and allow passage
of thesap. Othersbelieve that the elasticity of the
tubing will permit the sap to pass by the ice plug.
This 1s unlikely. Still others believe that tubing
laid directly on the ground, whether snow covered
or not, will absorb enough latent heat from| the
earth to melt the ice in the tubing before jany
apll)reciable flow of sap occurs. Ice in tubing in-
stalled on the ground often melts before ice in
tubing suspended in the air. (This can be| ob-
served when the two systems are installed in| the
same sugar grove.) There is almost complete
agreement that ice in tubing layered between [two

falls of snow melts very slowly because of the in-
sulating effect of the snow. The tubing must be
pulled up out of the snow before the ice will melt
and unblock the lines; this is not easy to do when
the lines are suspended.

Since maple sap is not exuded from trees at all
times under high pressure, the best method for
installing the tubing is one patterned after that
used in gravity-flow waste-disposal systems.
These systems are installed with a continuous, even
though slight, pitch of both the feeder lines
(laterals) and main lines toward the exit end.
Main or trunk lines must be of sufficient diameter
so that they are never overloaded. Vents must be
installed at all high points to prevent gas locks,
and a vent must be installed at each spout.

One of the outstanding features of the plastic
pipeline is the “closed” system—transparent to
daylight which minimizes microbial infections and
keeps the sap clean and free of foreign matter
(25,27). However, infection can and does occur;
therefore, sanitary precautions must be observed
in installing and maintaining the system.

The immediate effects of infection are deteriora-
tion and spoilage of the sap. Since infection can
be translocated by the moving sap, two or more
tapholes must not be connected in series. This
might spread infection from one taphole to another
(27) and prematurely stop sap flow. For the same
reason, tu}i))ing that connects the taphole to either
lateral or main lines must be installed with enough
elevation between the lateral line and the tap-
hole to drain the sap away from the taphole freely
and cou&{)letely during periods of flow and to pro-
vide sufficient hydrostatic pressure to insure flow
in the main lines laid on level ground.

Installation of flexible plastic tubing (lateral or
main lines) suspended in the air above the ground,
free of sags between points of support and with
a continuous pitch, would be an even greater prob-
lem than installation of iron pipe. i suspension
cable would be required. Jt would be stretched
from tree to tree above the tubing; the tubing
would be suspended from it and held in a
“straight” course by hangers of different lengths.
In practice, however, sags cannot be prevented be-
cause fluctuating air temperatures expand and con-
tract the tubing and cab}ie and because the tubing
between the hangers is not rigid. Also, locating
these lateral and main lines so that all tapholes will
be a short but fixed distance above the main lines
(41, 42, 43) would increase the difficulty of instal-
lation because numerous main lines and short
lengths of lateral lines would be required. This
system is ideal for small installations involving one
or only a few trees. Do not connect tapholes in
series except on individual trees. To do so may
spread microbial infection and stop flow of sap
prematurely.

In expanding this system to a large operation,
the costs of initial installation, takedown, and re-
assembly might be excessive. The system does,



Figure 43.—Tubing can be used for a small group of trees in an
inaccessible area or for roadside trees.

however, eliminate the need of taphole vents, since
the short length of the dropline is attached to
main lines that are not completely filled with sap
and so will not air lock. A properly installed
pipeline system drains itself. If sags occur in
either ground- or aerial-supported systems,
kets of sap will form. These pockets rause
uildup of back pressures, reduce flows, are sites
of microbial infection, and form ice plugs on
freezing.

Installing Tubing

There are many methods for installing plastic
tubing (61, 63). The following method (141) is
economical of materials and labor, minimizes
spread of microbial infection, and tends to elimi-
nate gaslocks and other obstructions that build up
back pressures in the lines. It provides a simple,
inexpensive, and satisfactory means for installing,
taking down, washing, sanitizing, and reinstalling
plastic tubing.

Equipment

Droplines—Complete assemblies of
lengths (for level land use, 6- to 7-foot lengt.
5 ¢-inch inside diameter (L.D.) tubing with|a tee
at one end and a sap spout at the other. Thespout
has a vent tube attached. Vent tubes are U-
shaped %g¢-inch I.D. tubes formed with a |short
piece of wire; they are from 6 to 12 inch long
and are attached to the vent tubulation of the|spout
(chart 3). The U-shape tends to keep micro-
organisms out of the system.

ateral lines.—Lateral lines, made of %4-inch

1.D. tubing, connect the droplines to the main lines.
They are laid on the ground.

M)c;,in lines.—Main lines vary in size from % to
11, inches L.D.

Spouts—Spouts have two tubulations, one for
discharging the sap and the other for venting
gases.
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Chart 3.—Vent tube and dropline assembly.

Tees and connectors—Plastic tees, connectors,
and other fittings of approlpriate size are required
if_or connecting droplines, lateral lines, and main

ines.

Hypochlorite solution—Five percent of a com-
mercial bleach containing 5 percent of sodium hy-
pochlorite should be diluted in the water at the rate
of 1 gallon of bleach to 19 gallons of water.

Germicidal pellets—One germicidal pellet is
required for each taphole.

Some producers find it desirable to flush all new
tubing with a stream of pure water for 10 to 15
minutes before putting it into use. This removes
any soluble material in the tubing, including that
which might produce an off-flavor.

Droplines can be completely assembled at odd
hours before the sap flow season. They are as-
sembled before they are installed in the sugar %rove
and are not disassembled until they need to be re-
placed. A complete dropline is used for each tap-
hole on each tree.

To install the tubing lateral and main lines so
that they will have the desired pitch without sags,
the route that they are to follow should be laid out
before the sap season when the ground is bare and
the trees along the route have been blazed. Paint-



show the number of tapholes to be made per trge.
a

ing the trees with vertical lines (blaze marks) }?H _

The paint can be applied in a fine stream fro
pressure paint can.

Where the slope of the ground is not too steep)| it
is recommended that a tractor with scraper 'bF de
be run over the route to level it. A short time be-
fore the sap season, the trees should be tapped and
the tubing installed. Although this can be done
by one man, a three-man team is more efficient.
Not more than 25 droplines (tapholes) per lateral
line should be installed.

Main Lines

Beginning at a location farthest from the stdr-
age tank, and where two lateral lines converge,
main lines should be laid in the most direct route to
the storage tank (figs. 44-49). Low places should
be avoided if possible. The first length of the
main line should be 14-inch ID. The size should
be increased as the quantity of sap entering it in-
creases. On level ground, a 14-inch main line will
carry the sap from 75 tapholes. Where two or
more 5-inch I.D. main lines converge, they should
be attached to 34-inch or 1-inch main lines. The s
in turn, are connected to still larger main lines as
the number of converging lines increases.
many sugar groves only 14-<inch I.D. main lines are
required. ‘

There is no absolute rule re arding size and
length of main lines except that they must be large

Figure 44.—Main line used to transport sap across inaccessible
area,

Figure 45.—Junction of several main lines with surge tank and
vent.

Figure 46.—Main lines transport sap to storage tank at the
evaporator house.

enough in diameter to prevent buildup of back
pressure. Pressure buildup can easily be seen
by installing 6-foot lengths of ,4-inch vent tubes
in a vertical position at the junction points. If
sap rises in the vent tubes, the main line is too
small. The carrying capacity of a 14-inch main



Figure 48.—Dropli

tall before ground lines gre laid
g9
out.

Figure 49.—The leadman carries the coil of tubing.

line equals three to four 5i-inch lateral lines, and
a 34-inch main line equals two 14-inch lateral lines.

When a graded course having a uniform down-
ward pitch to the tank lines is impossible because
of the contour of the land, the main lines should
be suspended from overhead guy wires or cables.
Suspended installation is especiaﬁy suited for long
runs of main lines over very rough, rocky land,
gullies, ravines, and valleys. A properly installed
main line will drain itself.

Tapping and Droplines

If trees are tapped and droplines are installed
by a three-man team, the first man locates the posi-
tion for the taphole and bores the hole. He sani-
tizes the bored hole either by syringing it with the
hypochlorite solution or by inserting a germicidal
pellet. The second man carries the dropline as-
sembly and attaches it to each taphole by driving
the spout firmly into the taphole. The third man
furnishes droplines, hypochlorite solution and
other supplies to the first two men.

Lateral Lines

Coils of 8;¢-inch L.D. tubing are taken to the
starting point of installation in the sugar grove,
usually the storage tank at the roadside or at the
evaporator house. The laterals are laid out and
connected by a second three-man team.

The leadman of the team carries the coil of tub-
ing. One of the other men holds the end of the
tubing. The leadman lays the tubing to the first
tree tapped. The line should be kept free of loops
and should lie flat on the ground. The tubing is
gently pulled to straighten it out and the desired
length is then cut from the coil. One of the other
two men holds the cut end of the coiled tubing,



and the leadman advances to the second tree,lay-
ing out the tubing as he goes. The second|and
third men alternate in the following tasks: Hold-
ing the tubing while it is being laid out ; disinfect-
ing the ends of the tubing, tees, and connectors;
and connecting the laterals to the tees of the drop-
lines. Where there are multiple drops (tapholes)
on one tree, they are connected with 1-foot pieces
of 8 g-inch L.D. tubing.

Laying tubing in shaded areas should be avoided.
A1l connections and droplines to laterals should
be on the southern side of the tree to favor darly
thawing of any ice formed in the joints (figs. 50
and 51).

After the tubing has been installed, the entire .

system must be checked to insure that all connec-
tions have been properly made. Inspection tpurs
should be repeated throughout the sap flow season
to check for leaks and separated joints. Inspec-
tions are necessary if the tubing was installed over
deep snow that melts during the sap season qr if
new falls of snow cover the tubing.

Taking Down Tubing

Tubing must be taken down not later than 1
week after the last run, or after the trees begin to
bud. To delay permits growth of micro-organisms
and makes washing and sanitizing more difficult.
During the sap-flow season, temperatures are usu-
ally cool enough so that the rate of germination of
any micro-organisms in the tubing is slower than
their death rate caused by the transmission of ultra-

Figure 50.—Droplines are connected to laterals.

Figure 51.—Several laterals are joined to the main line with tees
or the newly developed collector.

violet radiation of sunlight through the tubing.
But, as the season progresses beyond the budding
period, the warmer weather causes the growth rate
to greatly exceed the death rate of the organisms,
and abundant growth occurs. Therefore, taking
the tubing down immediately after the end of the
season makes the cleaning operation easier.

The process for taking the tubing down is merely
a reversal of that described for its installation.
Like the installation, this process can be a one-man
operation; but it is more effic.ent when done by
two 2-man teams.

The leadman of the first team at each tapped
tree disconnects the droplines from the laterals and
the foot-long connectors, which he collects. The
second man pulls the spouts from the tree and col-
lects the dropline assembly. Disconnecting lateral
lines, short connectors, and droplines, and tying
tubing bundles are shown in figures 52-56.

When 25 droplines have been collected, they are
tied into bundles, with the tee ends flush. Since
all droplines are alike, no labeling is needed.

The second team collects, bundles, and tags the
disconnected lateral lines. The leadman collects



Figure 53.—Taking up lateral lines.

the tubing. Beginning at the first tapped tree, he
picks up the end of the tubing that extends [from
the main line or storage tank and pulls the tube to
the second tree. There he picks up the end df the
tube extending between the first two treeg and
places the end flush with the end of the first [tube.
Then he pulls the two lengths of tubine to the

Figure 54.—Tying and labeling bundles of lateral lines.

third tree and repeats the process until a handful
of tubing (20 to 25 pieces) has been collected.
Smaller lots may be obtained from an isolated sec-
tion of the sugar grove.

When a handful of tubing has been collected, it
is left at the tree where the last piece was collected.
Another member of the team ties the flush ends
together into a bundle and attaches a label showing
the general area of the sugar grove where it was
installed. The bundle of tubing is then tied into
a coil approximately 2 feet in diameter for easy
handling.

This system of installing and dismantling the
tubing not only is simple but makes washing and
sanitizing of the tubing easy.

Washing and Sanitizing Tubing

At the end of the maple season most of the inte-
rior of the tubing is either wet or moist with sap.
With the warmer weather at that time, tempera-
tures are favorable to microbial growth (yeasts,
molds, and bacteria). However, if the sap in the
tubing were sterile, either because of excellent
sanitary practices or because of the sterilizing ef-
fect of sunlight, no subsequent growth would oc-
cur. But this seldom, if ever, happens. Excessive
microbial growth usually occurs, especially if
higher temperatures follow takedown of the tub-
ing. Once growth occurs, it becomes increasingly
difficult to clean the tubing. Therefore, the tubing
should be washed within a few hours after its
takedown, and if that is not possible, within 1 or
2 days. Tubing in which microbial growth is
excessive must be cleaned by more elaborate
methods.



Figure 56.—Lload of tubing to be taken to evaporator house for
cleaning and storage.

Equipment

The following equipment is required for wash-
ing the tubing :

(1) A tmci to hold the hypochlorite solution.
This can be a 55-gallon drum or a stock-watering
tank of approximately 200-gallon capacity.

(2) A gear-pump that will deliver at least 50
gallons per hour at 10 to 15 pounds’ pressure; A

ypass arrangement on the pump provides flexi-
bility of operation. The pump is attached tg the
drain valve of the tank and 1s equipped with a

Figure 55.—Coiling lateral lines for ease of handling.

15-foot length of hose provided with a tapered
nozzle.

(8) Wash or sanitizing solution consisting of
a 10-percent solution of a commercial liquid bleach
(which contains approximately 5 percent of so-
dium hypochlorite) ; 20 gallons should be used
with 180 gallons of water. -

(4) Rubber gloves to protect the hands agains.
the caustic action of the sanitizing solution.

Washing Laterals

Rubber gloves are worn. A coil of the tubing
is submerged in the tank of hypochlorite solution
(fig. 57). The drain valve connecting the tank
and pump is opened, and the pump is started.
The stream delivered from the hose nozzle is ad-
justed by means of the pump bypass valve. The
bundle of tubing is picked up by the flush ends.
The nozzle is inserted into one of the tubes until
the tube is completely filled with the wash solution
(fig. 58). Filling a tube completely usually re-
quires less than a minute. When air bubbles no
longer emerge from the discharge end, the tube is
completely filled. Aseach tube is flushed and filled
with hypochlorite solution, it is released so that
only the unwashed tubes are held. When all tubes
in a bundle have been flushed and filled with clean-
ing solution, the coil is allowed to sink to the
bottom of the tank and another coil of tubing is
placed in the tank. Then the process of flushing
and filling each tube of the new coil is repeated.
This is continued until the tank is filled with
tubing.



Figure 57.—Coils of lateral lines are submerged in hypochlorite
solution, and all the ties are cut except those at the end of the
bundle. :

CAUTION

Because of the caustic action of the hygo-
chlorite solution, rubber gloves must be worn
during the washing operation.

The tubing is soaked for 2 hours; then each tube
is flushed again, beginning with those in the
first coil put in the tank. As soon as all the tubes
in a 'bun(ﬁe have been washed, the strings holding
the bundle in the coil are cut but not the string
holding the flush ends of the tubes. Then, the
bundle, held by the flush ends, is pulled slowly
from the tank (fig. 59). As the coil unwinds, the
solution in the tube drains back into the tank.

The bundle of tubing is then pulled to a slope
or laid over the roof of a building to drain| (fig.
60). Thus, the hypochlorite solution is drained
from the tubing but not washed out.

After 10 to 15 thousand feet of tubing has|been
washed, the tank should be drained and refilled
with fresh hypochlorite solution.

Figure 58.—After soaking, the tied end of the bundle is held and
each tube is washed separately.

After the bundles have drained for about 2
weeks, they are taken down and coiled (fig. 61).
Extremely dirty tubing or tubing with an excessive
amount of microbial growth should be thoroughly
cleaned (131).

For storage, several bundles of tubing from the
same area of the sugar grove may be wound and
tied in the same bundle. The coils of tubing are
stored in a clean, dark, cool place that is free of
rodents. Large metal drums or tanks with 14-
inch-mesh hardware cloth covers make ideal, ro-
dent-free storage containers.

Washing Droplines

A bundle of droplines held by both ends is low-
ered slowly and perpendicularly, tee end first, into
the tank of‘/ hypochlorite solution to displace the air
and to completely fill the tubing and fittings (tees,
spouts, and vent) with solution (fig. 62). With-
out releasing the bundle, it is lifted out of the solu-
tion and held in a vertical position for a few mo-
ments to drain. The ends are then reversed and
the bundle is again lowered into the solution. Af-
ter the second filling the bundle of droplines is left
in the tank to soak for 2 hours. After the soaking
period, it is lifted free of the solution and
held in a vertical position for a few seconds to per-
mit most of the hypochlorite solution to drain
back into the tank. The bundle is then hung by
the cord ties at the spout end for 2 weeks (fig. 63).
After draining, the bundle of droplines is taken
down and stored in the same manner as the lateral
lines.

Washing Main Lines

The coils of main lines are washed, drained, and
stored in exactly the same manner as the lateral
lines. A larger nozzle is used to fill and flush the
tubing with the hypochlorite solution.



Figure 60.—The tubes are laid out on an incline or over a roof to
drain. Here, 12 miles of tubing is being dried.

Reinstalling Tubing

The operation of reinstalling the tubing in the
sugar grove proves the merit o this system. This
operation is carried out in practically the same
manner as that of the initial installation.

Main Lines

_ The cut, clean, large-diameter tubes are laid out
in_the sugar grove in the same manner as in the
initial installation.

iled on a h de reel, tied into

Figure 61.—The tubing ‘is
bundles for storage.

Droplines and Lateral Lines

Two 3-man teams are used to reinstall droplines
and lateral lines. The first team drills and sani-
tizes the tapholes and inserts the germicidal pel-
lets, and installs the dropline assemblies that have
been kept intact in convenient bundles. :

The second team lays out and connects the lat-
eral and main lines. The coiled bundles of lines
are sorted and the one with the label for the sugar
grove area where the work 1s to begin is selected.
The coil is cut apart,and the leadman of the team,
holding a bundle by the tied flush ends, pulls it to
the first-tapped tree, following the blaze marks of



Figure 62.—A bundle of droplines is lowered slowly and perpen-
dicularly into the wash solution.

the preceding year. Since each bundle contains
tubing of different lengths, the second man (who
isat the starting point at that time) selects the tube
that matches the distance from the starting point
to the first tree and pulls it from the bundle.
Both men now advance. The leadman proceeds
to the second tree and the second man to the first
tree, where he again selects a length of tubing that
matches the distance between the two trees. He
connects the lateral lines with the tees of the drop-
lines. This procedure is repeated until the entire
grove has been reassembled with the droplines and
Tateral lines.

Summary
General

Plastic tubing can be used for the full opleration

of sap collection and transportation or it|can be

used to perform parts of these operations.

(1) Install plastic tubing as a drainage |system
with proper vents and adequate size tubing so
as not to restrict sap flow in tubes.

Figure 63.—The drained droplines are hung in a verticle position
to dry.

(2) Do not connect tapholes in series, except pos-
sibly those on individual trees.

(3) Lay the tubing on the ground or suspend it.
Avoid any sags in the lines, and vent these
whenever they occur.

Installing Tubing

(1) Tubing is ground-supported lateral and
main lines.

(2) Each taphole is connected to the lateral line
by a dropline consisting of a spout, vent, 5-
foot length of % ¢-inch tubing and a tee con-
nector, preassembled.

(8) Lateral lines are %g-inch tubing cut to fit
between different trees.

(4) Make connections of lateral lines and drop-
lines on warm side of trees.

(5) Lay the lateral lines along a route of constant
pitch free of sags, previously laid out.

(6) A 3-man team lays out the lateral line
most efficiently.

(7) The number of droplines connected to one
5,6-inch lateral line will depend on (a) the
flow of sap per taphole and (b) the pitch
of the lateral line. Do not connect more than
25 tapholes per lateral line.

(8) A 14-inch main line will carry sap from 75
tapholes (3 laterals).

(9) Increase the size of the main lines so that
they are never overloaded. Failure to do so
will cause back pressure and loss of sap.

(10) Periodic inspection of the tubing is required
for leaks.



Figure 64.—The plastic-covered roadside tank should be large enough to hold a maximum daily run and should be located so as to permit

gravity filling of

ted at the roadsid Sap

Figure 65.—This receiving tank is
is pumped from it to the evaporator storage tank.

Taking Down Tubing

(1) Take the tubing down as soon as possible—
never later than 1 week after last run.

(2) Remove all drops intact, and tie in a bundle.

(8) Keep 1-foot connectors separate.

(4) Collect lateral lines, keeping the lead ends
flush in the hand-held bundle.

e collecting tank.

Figure 66.—This small evaporator storage tank, mounted in the
shade, is exposed to daylight and covered with transparent
plastic.

(5) Coil and tie for ease of handling.
(6) Label the bundle at flush ends for the area
of woods where installed.

Washing and Sanitizing

(1) Wash all tubing in a 5-percent hypochlorite
(bleach) solution.



¢2) Submerge and soak all tubing and fittings in
hypochlorite solution for at least 2 hours.
(8) Flush out all tubing as per preceding instruc-
tions.
(4) Keep flush ends of tubing tied in bundle at all
times.
5) Open coiled tubing after washing.
6) Lay tubing on incline to drain.
7) Hang droplines in vertical position.
8; Recoil droplines and mains for storage.
(9) Store in dark, dry, rodent-free area.

Reinstalling Tubing

(1) Follow the same procedure as initial| instal-
lation:
ﬁa) Install droplines.
b) Connect droplines. :
(c) Lay out lateral lines and conhect to
droplines.
(d) Connect lateral lines to main lines.
(2) Lateral lines are laid out according|to the
scheme outlined in text.

STORAGE TANKS

Storage tanks serve the dual purpose ?f ro-
viding supplies of sap to the evaporator and of
storing sap until it can be processed or hauled to
an evaporator plant. Tanks supplying ejther a
farm evaporator or a central evaporator plant
must hold enough sap for at least 2 days’ operation.
Tanks used as pickup stations must Ee large
enough to hold the maximum daily sap production

7{ the sugar grove or of the area they| serve.
dickup tanks used to haul sap to the sugar grove

‘or to deliver sap to the evaporator house must be

as large as possible to reduce the cost of haulage.

Wherever possible, locate the tanks so t.
can be filled and emptied by gravity.
is not possible, motorized pumps (electric|or gas
engine) can be used.

The tanks should be located in a cool place and
not inside the warm evaporator house, since warm
sap favors microbial growth. The tanks should
be covered to keep out foreign material, and the
cover should be clear plastic or some other trans-
parent material that will transmit the short ultra-
violet rays of da¥light (.912 . This tgrpe of instal-
lation is especially suited for roadside storage.

If aboveground tanks are not emptied fre-
quently, they should be insulated to prevent
the stored sap from freezing. Underground
tanks with opaque covers, although less likely
to freeze, are difficult to irradiate with ultra-
violet light (fig. 67). When the covers |of un-
derground tanks are not transparent to| ultra-
violet irradiation, germicidal lamps mpust be
installed at the top of the tanks to illuminate
the entire surface of the sap. Underground tanks
will usually keep the sap at a more even (and per-
haps at a slightly lower) temperature than will
aboveground tanks. But since many of the bac-

Figure 67.—A large underground concrete storage tank of silo-
type construction.

teria that infect sap grow well at low temperatures,
underground storage will not prevent microbial
fermentation and spoilage of sap. Even lower-
ing the temperature of the sap by adding ice will
not prevent this.

Large storage tanks such as those at the evapora-
tor house should also be provided with germicidal,
ultraviolet lamps to prevent microbial growth.
These lamps should be mounted at the top of the
tanks above the liquid level and arranged so that
they will illuminate as much of the surface of sap
as possible.

CAUTION

Care must be taken never to expose the
eyes to ultraviolet lamps. Lamps must be
turned off when workers are in or around the
tanks.

Tanks must have easy access for cleaning and
repair. Workers must be extremely careful when
working in tanks that have only a manhole open-
ing, so to be sure they do not exhaust the oxygen
(fresh air) supply and suffocate.

Metal or glass-lined tanks such as surplus milk
tanks are ideal, since their walls are nonporous
and easy to clean.

The walls and floor of masonry tanks should be
smooth and treated with a water-insoluble coating
to prevent places for microbes to lodge. This
surface-treating material must be one that is ap-
proved by the U.S. Food and Drug Administra-
tion as safe for being in contact with food.

The tanks should be washed with a detergent
after each run of sap and the detergent should be
completely removed from the tanks by using at
least three separate fresh-water rinses.

There must be some indicating device inside the
evaporator house to show the level of sap in the



tank. This device may be a simple sight gl
per%endicular glass tube connected to the feed line
of the evaporator), or it can be a float-and-weight
type, where a string attached to a float in the tank
is carried into the house, and a weighted object is
raised and lowered by means of guides and pullies
as the level of the sap varies.

If the feed line from the tank to the house is
aboveground, it too must be well insulated. | Nu-
merous cases have been reported where the sap
line, even when in operation, has frozen and shut
off the supply of sap, with the result that the pans
were burned.

Summary

(1) Construct tanks with smooth, easy-to- lean
walls.

(2) Locate tanks in a cool place—never inside a
warm evaporator house.

(3) Cover tanks with clear plastic to utilize the
sterilizing action of sunlight.

(4) Provide sterile lamps for large tanks (with
opaque covers.

(5) Provide an indicating device in the evaporator
house to show level of liquid in tank.

(6) Keep tanks clean and sterile.

EVAPORATOR HOUSE ON THE SAP+
PRODUCING FARM

Location

Originally, most evaporator houses were loca
near the center of the sugar grove to shorte
distance the sap had to be hauled (fig. 68).
the use of pipelines and large collecting ta
many producers today find it more profita
locate the evaporator house near the other farm

Figure 68.—Evaporator house located in center of sugar grove.
Without a covered evaporator, steam completely fills the evap-
orator house. This is unfavorable for sanitary condjtions.

Figure 69.—The trend is to locate the evaporator house near the
other farm buildings and on an improved road.

buildings and close to a traveled road (fig. 69).
This offers many advantages: (1) Water and elec:
tric power are available; (2) laborious and time:
consuming travel to and from the evaporator house
is eliminated; (3) full family participation is en-
couraged ; and (4) the evaporator house is access-
ible to visitors and potential customers.

Function

The evaporator house, or sugar house as it is
often called, like the evaporator, has developed
without engineering design. In the early days of
the iron kettle, little thought was given to any
form of shelter. At first only a lean-to type of
shed was used to protect both the sirup maker and
the boiling sap from inclement weather, which so
often occurs during the sirup season. The shed
introduced a new problem—how to get rid of the
steam from the boiling sap. This problem was
solved by completely enclosing the evaporator and
installing ventilators at the top. These crude
shelters were the forerunners of today’s evapora-
tor houses.

Since the evaporator house is used only from 4
to 6 weeks each year, its cost must be kept low;
otherwise, the interest on the capital investment
is out of proportion to its use. The site should
permit use of ramps for filling the storage tank
by gravity (fig. 70 and 71). The house should



Figure 70.—When possible, select the evaporator house site so that
the natural elevation will permit building a ramp, and sap can
be delivered by gravity from the hauling tank to the |storage
tank and from the storage tank to the evaporator.

be constructed so that it not only permits sanitary
handling of sap and sirup but also provides a place
to process and package the sirup, to make con-
fections, and to sell maple products.

Requirements

The evaporator house need not be elaborate. It
should be large enough to’allow plenty of free
space (at least 4 feet) on all sides of the evapora-
tor, and it should be set on a foundation that ex-
tends below the frostline. The house should be
tightly constructed and should have provisions for
venting the steam. If open hoods are used, there
. Phould be intakes to supply air for the fire and to

replace air that is exhausted with the steam.| Pro-

WORKBENCH

SPACE FOR
SIRUP
FILTER

SUGAR KITCHEN
12'-0"Xx 15'- 8* =

REHEATING STOVE

PACKAGING SPACE.

WASH SINK

CHIMNEY

Figure 71.—When the site is level, the sap can be pumped to
storage tanks mounted on elevated frames; it will then flow by
gravity to the evaporator.

vision should also be made for easy access to the
fuel supply and sap storage tanks.

Design

Chart 4 shows a suggested plan for an evapora-
tor house with a wing in which the sirup can be
processed and maple products can be made. The
house itself is designed to contain only the evap-
orator and a workbench along one wall. The
width (16 feet) allows an aisle space of 5 feet on
each side of an evaporator 6 feet wide, to pro-
vide easy access to all parts of the evaporator.

Steam Ventilation

In concentrating sap to sirup, vast quantities of
steam are produced. Without proper means for

4~ SAP STORAGE TANK
WITH GERMICIDAL
LAMP

—— EVAPORATOR

4~ FUEL STORAGE
_—=""\TJANK (UNDERGROUND)

Samem”

—
-

FIREBRICK LINED
MASONRY -SETTING

Chart 4.—Suggested plan of an evaporator house with ‘L’ to provide space for filtering and packaging sirup and making maple confections.




Figure 72.—Evaporator house with opening in the roof for venting
the steam results in a steam-filled building.

removing it, the steam fills the eviporator house
and, on cold days with high humidity, the inside|of
the house becomes dripping wet. In a steam-filled
evaporator house, the sanitary dry conditions
sired in a food-processing plant are impossi
(fig. 72). Instead, the wet building favors micx
bial growth.

The earliest method of removing steam and the
least effective was to cut a hole in the center of the
roof directly above the evaporator. The hole was
the same size as the evaporator. The cover for tHis
hole was fastened to the roof with hinges on the
side of the hole parallel to and opposite the ridge
of the roof. These hinged roof sections or louve;
were raised or lowered by a rope and pulley. The
rope was wound on a windlass mounted on the wall
of the house.

The Open Hood

The next method for removing steam from eva; p-
orators was the open hood (fig. 73). In this meth-

Figure 73.—A canopy-type hood removes steam more efficiently
than do louvers. However, large volumes of air are required
fo sweep the steam into and up through the hood and the resul
is a cold, drafty building. .

od, four walls extending from the rectangular roof
opening to within 6 feet of the floor are constructed
to serve as a chimney for the steam. The walls are
sloped so that the lower edge projects 1 foot o

more beyond the four sides of the evaporator. The
efficiency of the hood is increased by attaching a
strip of lightweight canvas 1 to 3 feet wide to the
lower edge of the hood. A small cutter 1%-inch
deep is attached to the lower inside edge of the
hood to collect water that condenses in it. Since
the hood has nothing to support, it can be made of
lightweight, noncorroding material such as sheet
aluminum. * The supporting frame can be made of
lightweight lumber, and covered with aluminum
on the inside so that only the metal is exposed to
the steam.

This type of hood will keep the evaporator house
free of steam, but it has many drawbacks. Being
open, it requires 10 volumes of air for each volume
of steam removed. Thus, large volumes of air
must be drawn into the evaporator house, which
makes the house cold and drafty. Also, the ef-
ficiency of the hood is affected by wind and by
barometric pressure. Although the open hood is
found in many older evaporator houses, it is not
recommended because it results in unfavorable
sanitary conditions.

The Covered Evaporator

A simple, effective method for removing steam
from evaporators is a close-ﬁtting, but not air-
tight, cover from which the steam is conducted to
the outside of the house through a duct or stack
(fig. 74). The cover rests on the evaporator. Thir
method uses the same principle as that used t.
vent the steam out the spout of a boiling tea-
kettle (fig. 75). The method has none of the ob-
jectional features associated with earlier methods.
It does not require an exhaust fan and it does not.
raise the boiling point of the sirup, since there is

Figure 74.—The tight-cover steam-venting system with steam stack
provides a simple, highly efficient means for removing steam.
This results in a steam- and draft-free evaporator house.



Figure 75.—The hot st a natural draft and dpes not

require air intake ports.

no measurable increase in pressure within the
steam-venting system.

The cover is made of lightweight, noncorrpding
" metal such as sheet aluminum and has a |light
_.-#0oden frame of gable design made from 1} x 4-

inch pitch-free lumber (spruce or basswood).
The aluminum sheets are cut to size and are at-
tached by aluminum nails to the inside of the
wooden frame, completely covering the wopd so
that it is not exposed to the steam. Galvanized
iron should not be used, since the acidic gases in
the steam will quickly corrode and dissolve the
zinc coating.

A satisfactory pitch of the gabled cover is 6
inches to the foot, or 30°. The walls of the cover
should be 6 to 8 inches hi;ia;h to provide adequate
headspace for the free boiling sap. A trap| door
should be placed over the flue (back) pan to per-
mit insEectlon and skimming. However, the tight
cover has practically eliminated the need for
skimming. This is no doubt due to the absence of
air from the steam:filled area above the bgiling

sap.

g‘he pipes for the stack or steam vent should be
made of the same lightweight metal, and they can
be fabricated in any sheet-metal shop. The stack
should be placed over the flue or sap pan, because
that is where most of the steam is generated. | The
stack should be fastened at its base to the evapora-
tor cover. It should be long enough to exterld up
to and through a hole in the roof of the building
to 1 foot above the ridge of the roof.

. 'The opening in the roof should be 1 inch larger
in diameter than the stack, so that the stack can
be moved freely. The diameter of the stack is
not critical ; however, it must be large enough for
the steam to escape readily. Stacks of different
diameter are required for different size covers, as
follows:

. Diameter of
Size of covered evaporator  stack !

Widti 3( ‘eet) Lengt g eef, Incézes

4 4
4 5 8
3 7
5 6 10
3 10
4 8
6 6} 12
5 8
4 12} 14
5 10
5 12 16
6 10
5 14
5 20} 18

! For covers over flue pans use next larger diameter; for covers
over sirup. pans use next smaller diameter.

For evaporators with two or three sections, it is
easier to construct separate covers with individual
steam stacks for each section.

To remove the cover, hoist it and the attached
steam stack vertically—push the stack up through
the roof opening—by means of a rope attached to
eye bolts at each end of the ridge pole of the cover.
Pass the rope through pulleys located overhead
and then down to a windlass mounted at a con-
iflenient height on the side wall of the evaporator

ouse.

Location of Evaporator

The evaporator should be located directly under
the ridge of the roof and centered under the hood
(if an open hood is used). The foundation for the
evaporator arch should be made of masonry or
cast iron. The masonry arch or the base of the
cast iron arch should extend below the frostline
and sufficiently high above the floor level so that
the height of the evaporator permits the sap to
flow by gravity from the pans to the filter tank
and then from the filter tank to the finishing pan.
Setting the evaporator high also makes it easier to
fire when the fuel is wood, and brings the ther-
mometer (for checking the boiling point of the
sirup) to eye level for ease of reading.

If the sirup is only partly finished in the evap-
orator and evaporation is completed in a finishing
pan, the finishing pan should be mounted adjacent
to the evaporator.



Air Supply

When the evaporator is in operation, great qyan-
tities of outside air are required for combustion
of the fuel. For example, 150 cubic feet of air|per
minute is required to burn seasoned hard maple
at the rate of one-fourth cord per hour. If|the
steam is removed through an open hood, an addi-
tional 10 cubic feet of air per minute per square
foot of evaporator will be required. For example,
an evaporator 4 feet wide and 12 feet long requires
480 cubic feet of air per minute to remove |the
steam through a ventilator.

If this air is supplied through an open door or
window, the evaporator house will be ve. 1d
and drafty. A more desirable method is to deliver
air where it is needed. Ducts along both sides of
the evaporator will supply the hood ventilation
and the combustion air. These ducts should be 8
inches wide and open at the top and at the
toward the firebox. They should run the entire
length of the evaporator. The air coming| in
through these ducts tends to keep the steam under
the hood. If the evaporator is covered and has a
steam vent pipe, the ducts will need to supply|air
only for combustion.

Sirup-Processing Room

If the evaporator house is a single room, it must

have space for filtering the sirup and for canning
it. It is better to process the sirup in a second
room built as an “L” to the evaporator
(chart 4). This arrangement does not add appre-
ciably to the cost of censtruction and the sirup can
be processed under better working and sanitary
conditions.

The processing room houses such operations as
filtering, heating, and packaging the sirup, and
making maple confections. The equipment ¢on-
sists of a filter rack, a stove for boiling the si
(preferably heated with gas), a maple-cr
beater, and sugar stirrers.

There should be a sink for dish washing, a hot
water heater, and a trough with cold running
water in which sirup that has been cooked |for
making maple cream can be cooled rapidly. Stor-
age space should be provided for cooking utensils
and containers.

1f the evaporator house is to serve as a s
room, space should be provided for displaying|the
products attractively and for storing the products.

Fuel Storage

When wood is used for fuel, sheltered storage
must be provided in a convenient location. Figure
76 shows a space for wood storage in front of|the
evaporator house, which is the point closest to|the
evaporator fire doors. This storage space holds
enough wood for a run of sap. The supply is re-
plenished from a larger storage shed. In some
large operations, the wood is stored in a separate

Figure 76.—Wood for fuel is conveniently stored in a separate
shed. The wood is moved in a flanged-wheel truck that runs
on rails to a point adjacent to the evaporator. If the storage
shed is at a slightly higher elevation, the loaded truck can be
moved by gravity.

building and is transported to the evaporator house
in a truck mounted on rails. An overhead tram-
way can also be used. By installing the tracks
with a slight downgrade toward the evaporator,
the heavy Toads of wood can be moved by gravity.
Fuel oil storage tanks must be large enough to
hold enough oil for at least 1 day’s operation.
Larger tanks may lower delivery costs. The tanks
must be installed to meet local building codes.

Summary

(1) If possible, locate the evaporator house on
the main road close to the other farm build¢
ings. :

(2) Build it large enough to provide at least 4
feet of free space on all sides of the evap-
orator.

(8) Construct it so that it can be kept clean.

4) Provide a workbench along one wall.

55) Provide the evaporator with a cover and
steam vent pipe.

(6) Elevate the evaporator arch on a foundation
that extends into the ground below the frost-
line.

(7) Make the floor of concrete or other easily
cleaned surface.

(8) Provide ducts in the house for intake of out-
side air.

(9) Set the evaporator high enough above
ground to raise the pans a minimum of 4 feet
above the floor.

(10) If possible, provide a separate but adjoining
room for processing the sirup and making
other maple products.

(11) If possible, equip the house with running
water, electricity, and gas fuel supply.

(12) Provide adequate storage for dry wood or
oil.

(13) If wood is used for fuel, provide means for
transporting the wood to the evaporator.



(14) Locate the sap storage tanks outside the
building.

(15) Cover the tank with material (plastic) trans-
parent to the low ultraviolet radiation of
daylight.

(16) If the tank is enclosed, illuminate
with germicidal lamps.

THE EVAPORATOR AND ITS FUNCTION

The maple sirup evaporator is an open pan for
boiling water from the sap. Although the pri-
mary purpose of the evaporator is to remove
water, it must do the job economically and in such
a way as to improve but never to impair the
quality of the sirup being made.

Maple sirup evaporators have gone through an
evolution in design. The first evaporator, used
by the Indians, was a hollowed log in which water
was evaporated from the sap by adding hot stones.
The next evaporators were metal kettles used by
the white settlers. Both of these were ba
evaporators, that is, the entire evaporation
from the first addition of sap to the last, w
in one kettle. Sap both high and low in sugar con-
tent was added. It might be many hours |before
the sirup was finally drawn. As a result, a dark
strong-flavored sirup was produced.

The next improvement in evaporators
use of multiple kettles (fig. 77).

the sap

Figure 77.—Multiple-kettle method of making maple sirup. In
this method, the sap was partly evaporated in the first kettle,
then transferred to the second and third kettles, and finally to
the fourth kettle, where evaporation was completed. (Courtesy
of W. W, Simonds, Pennsylvania State University.)

was the forerunner of today’s continuous evapora-
tors.

The sap was partly evaporated in the first kettle,
transferred to the second kettle for further con-
centration, and then finally transferred to a third
and sometimes a fourth kettle where evaporation
was completed. The multiple-kettle method was
a semicontinuous operation and resulted in an im-

‘proved (lighter colored) sirup because the time

of heating at near-sirup density was shortened.

The source of heat for all the early evaporators
was an open fire, which is poor in fuel economy.

The first major change in design of evaporators
was the introduction of the flat-bottom pan and
the enclosed firebox (fig. 78). Both the increased
heating surface of the pan and the confined fire
increased the efficiency of the fuel. This design
was quickly followed by partitioned pans, which
were the forerunner of flue-type evaporators.

The modern flue-type evaporator, developed
about 1900, was the next and last major change
in design. Use of “flues” or deep channels in the
pans, and altering the firebox so that it arched the
hot gases between the flues, caused the hot gases
and luminous flames to pass between the flues be-
fore escaping up the chimney. , Fuel economy was
increased. Also, the rate of evaporation was in-
creased, which shortened the evaporation time, im-
proved the quality of the sirup, and lowered the
cost of production.

Design of Evaporator

The modern flue-type evaporator, which operates
under atmospheric pressure, consists basically of
two sections: (1) Tge sap pan, in which the flues
are located, and (2) the sirup pan. The sections

Figure 78.—The flat pan was the forerunner of the modern flue
pan.



are separated to facilitate their removal from the
arch for cleaning and repair. A semirigid pipe
or tubing connects the pans. The connections
tend to restrict the free movement of sap ag it
. travels through the evaporator and minimize the
intermixing of the dilute sap in one pan with the
more concentrated sap in the adjacent pan.

So that the evaporators can be operated i
continuous or semi-continuous manner, baffles or
partitions are built in the pans to form channels
through which the sap flows as it is being con-
centrated. The location of these partitions and
the size and shape of the channels d%ffer with di
ferent manufacturers, '

The sap pan can be made with narrow,. deep
-channels use the sap, while in this pan{ 1s
never concentrated enough to become viscous; it
flows readily. Use of narrow flues increases the
heating surface and thereby increases transfer of
heat. Fresh sap is admitted to the sap pan
through a float valve that can be adjusted to main-
t(af,iin PZ%G; desired depth of liquid in the evapor:

.79).

he sirup pan, often called the front pan, is
usually located over the firebox. Concentration
of the sap to sirup is completed in this pan. | It
has a flat bottom to facilitate cleaning and to per-
mit evaporation of shallow layers of sirup without
danger of burning.

Changes in Sap During its Evaporation| to
Sirup

Development of the desired maple flavor and
color is the result of chemical reactions that ogeur

Figure 79.—The float valve on the sap pan adjusts the depth of

the liquid in the evaporator. Different devices are used to

obtain precise valve settings.

* (Light Am

while the sap is boiling in the evaporator. (See
p- 56.) The extent of these reactions is deter-
mined in part by the length of time the sap is
boiled.

Chart 5 shows the effect of length of boiling
period on amount of color (739) produced in sap
of different solids concentrations (° Brix). At
low concentrations little color is produced in a
given boiling time, whereas at higher concentra-
tions more color is produced. The rate of color
formation does not increase appreciably until the
Brix value of the sap reaches 25° or more, and
this occurs after the sap reaches the sirup pan.

To provide a basis for comparing color of maple
saps of different concentrations, color is expressed
as color index. Color index is measured with
monochromatic light in a spectrophotometer :

Color index=45"2% — 4,,,(86.3/be)
where A s, is the observed absorbance at 450 milli-
microns with distilled water used as the blank; b
is the depth of the solution in centimeters; and ¢
is the grams of solids as sucrose per 100 milliliters
of solution as determined on an Abbé refractom-
eter. The maximum color indices for table sirup
of various grades are: 0.510 for U.S. Grade AA

er), 0.897 for U.S. Grade A (Medium
Amber), and 145 for U.S. Grade B (Dark
Amber).

Other changes that occur in the sap as it boils
are shown in charts 5 and 6. The rate of color
formation is greatest as the sap approaches the
concentration of finished sirup (739). Thus, the
length of time that sap is heated in the sap pan.
(when the Brix value 1s low) is relatively unim-
portant in the formation of color. In the sirup
pan, however, color develops rapidly as concentra-
tion increases.

The rate at which water is removed from sap
at different boiling times and the corresponding
solids concentration are shown in charts 7 and 8.

The curves show that the average time for a
lot of sap with an initial solids content of 2.5°

1O T T T T

icm.

86.3

0.5—

COLOR INDEX, A
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BOILING TIME (MINUTES)

Chart 5.—Effect of length of boiling period on color formation
(color index) in sap of different solids concentrations.
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Chart 6.—Changes in Brix value, color, and pH in sap dyring the
evaporation period. A, Soon after evaporation beging the sap
becomes alkaline, reaching a pH of 8 to 9; it then decreases in
alkalinity until at the end of the period it is about| neutral.
Little color is produced until after the sap reaches a pH| of 8, at
which point color increases at a rapid rate. It increases further
as the concentration of the sap approaches that of finished sirup
(30° Brix and above). B, Increase in Brix value is slow at the
b and b more rapid as evaporation progresses.

- 9

Brix is in the evaporator is approximately 114
hours—a little less than 30 minutes in the sap pan
and slightly more than 60 minutes in the| sirup
pan. ’Igo make high-quality, light-colored |sirup,
the time required to evaporate the sap to| sirup
must be kept to a minimum. Conditions that af-
fect the boiling time are: (1) The design of the
evaporator; (2) the amount of heat applied|to the
evaporator; (3) the efficiency of the heat transfer;
and (4) the depth of the boiling liquid. Once an
evaporator is selected and purchased, the |sirup-
maker controls only the amount and steadiness
of heat applied to the pans and the depth of boil-
ing sap.

Evaporation Time

From the time a unit of sap enters tHe sap
(flue) pan until it is removed from the sirup pan
as sirup is the evaporation time. Evaporation
time should not be measured until the evaporator
is operating steadily, the heat source is constant,
the liquid in both the flue and sirup pans is in a
state of full boil, and the sirup is being drawn off
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Chart 7.—The average time (time required to remove 50 percent
of the water) that any lot of sap remains in the sap pan (see
dotted lines) is slightly less than 30 minutes. The time can be
shortened or lengthened by using sap of lower or higher solids
concentration (° Brix), by varying the depth of sap in the evap-
orator, and by varying the intensity of the heat.

0

at a constant rate or at regular intervals. The
evaporation (holdup) time can be lengthened by
increasing the level of liquid in the pans. The-
lowest de})th of liquid in the evaporator (both
pans) will give the shortest evaporation time.
If the depth of liquid is too low, the pans will
burn, so this control is limited. '

Liquid Level in Evaporator

The depth of sap to maintain in the evaporator
is determined by a number of factors. Most im-
portant is the minimum depth that must be main-
tained to keep the pans from burning. Many
sirupmakers find that a liquid level of 1 inch in
the sirup pan is ideal. When the evaporator is
operating correctly with a steady source of heat,
there will be a slight gradient or decline in the
liquid level in the evaporator. The highest level
will be at the Foint of sap intake and the lowest
at the point of sirup drawoff. With uneven fir-
ing, this gradient is upset. During periods of low
heat, when the sap is merely simmering, the gradi-
ent is lost. The depth of the sap tends to become
level, and there is an intermixing of sap of differ-
ent concentrations. Intermixing together with an
increase in the average depth of sap, results in a
longer holdup time and the production of darker
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Chart 8.—The average time (time required to remove 50 percent
of the water) that any lot of sap remains in the sirup or front
pan (see dotted lines) is a little more than 60 minutes. [The
time in this pan can also be shortened or lengthened by chang-
ing the Brix value of the sap entering the sirup pan, by varying
the depth of the sap, and by varying the intensity of the heat.

sirup. The lower the Brix value of the sap, the
longer the holdup time, since there must be greater

adient in the sap levels. Since the minimpm
irvel at the point of sirup drawoff is fixed to pre-
vent burning the pans, the level at the sap intake
must be adjusted to keep the sap proportionately
deeper. A change in the Brix value of the sap in
the supply tank requires a readjustment of the
float of the intake valve. Change to sap with a
higher Brix value without readjustment may
result in a burned pan.

Rates of Evaporation

The solids concentration of the sap is abput
doubled before it leaves the sap pan, that is, nearly
50 percent of the water that is to be removed has
been evaporated (100, 127). By the time the sap
reaches a concentration of only 19° Brix, 90 per-
cent of this water has been evaporated.

The changes in the concentration of a typical
sap (2.5° Brix) during evaporation are given in
table 4. :

A two-section evaporator with three channels
in the sap (flue) pan and four in the sirup (front)
pan, and the points at which the concentration was
measured (table 4) are shown in chart 9.

TasLe 4.—Changes in the solids concentration of'
sap (° Briz) and water evaporated in a simu-
lated evaporator, for each gallon of sirup
produced ;

Solids
eon- Water evaporated
Section of cen- )
evaporator trat-
tion Per section Total
of sap!
Gal- | Per- Gal- | Per-
° Briz| lons cent lons cent
Original sap. ... __ 2 T P DR SN I
Sap pan:
First section____| 3.0 5.77 | 17.35 | 56.77 | 17. 35
Second section__| 3.7 | 5.40 | 16.24 | 11.17 | 33. 59
Third section___| 5.0 | 6.16 | 18.53 | 17.33 | 52. 12
Sirup pan:
Fourth section__| 8.0 | 6.45 | 19.40 | 23.78 | 71. 52
Fifth section____| 19.0 | 6.26 | 18.83 | 30. 04 | 90. 35
Sixth section____| 42.0 | 2.48 | 7.46 | 32.52 | 97. 81
Seventh section_| 54. 0 45 1.35 | 32.97 | 99. 16
Finished sirup..__| 65. 5 28 .84 | 33.25 {100. 00

1 Percentage of sugar.

To make 1 gallon of standard-density sirup from

282 , or 34.3 gallons of sap; 33.3

gallons of water had to be evaporated. The solids
concentration of the sap was doubled (from 2.5° to
5.0° Brix) in the sap pan. This removed 174
gallons of water, or more than 52 percent of the
33.3 gallons of water that had to be removed to
make 1 gallon of sirup. By the time the solids:
had increased to only 19° Brix, 90 percent of the
water had been removed, and the sap had pro-
gressed only halfway through the sirup pan.
Thus, the remaining 10 percent of the water was
removed in the last half of the sirup pan. This
shows that most of the water is evaporated while
the solids are at sufficiently low concentrations to
have little effect on the color of the sirup. It also

this sap required

72N STACK —
4—2— . 3 \
: 2
. | e O
7 - :
s 1
sIRUP OUT—H , SAP IN'
4 8
12’

Chart 9.—Top view of a simulated maple sap evaporator having
3 channels in the sap pan and 4 channels in the sirup pan.
Arrow shows direction of sap flow. The solid circles show the
location of sap of different solids concentrations (° Brix), as in-
dicated in table 4. -



‘shows that sap must be kept moving forward

through the pan as it approaches sirup concentra-

tion, so that it can be removed from the evaporator
jas quickly as possible.

This also explains why adding one or
(flue) pans in a series does not increase
tion time but does increase evaporation
capacity. Lengthening the evaporator system by
increasing the number of feet that the sap must
travel through the different channels makes use
of the engineering rule that evaporation (heat
transfer) increases as the rate at which the liquid
moves over a heated surface increases.| Thus,
lengthening the evaporator by using supplemen-

tary flue pans will not increase holdup time; it

actually decreases it.

Rule of 86

The amount of water that must be rempved to
reduce sap to sirup varies with the solids concen-
tration of the sap. , -

The “Rule of 86” can be applied to determine
the number of gallons of a particular sap i
to produce 1 gallon of standard-density sirup
(65.5° Brix). Standard-density sirup contains
86.3 percent of solids (as sugar) on a weight-
volume basis. Since the solids concentration of
sap is comparatively low, its Brix value and per-
centage of solids (weight-volume) are essentially
the same. Therefore, the percentage of| solids
(weight-volume) of the sirup divided by the Brix
value of the sap equals the number of gallons of
sap required to produce 1 gallon of siryp. In
practice, the value of 86 can be used rather than
86.3 and the equation is:

A==

where a=the number of gallons of water thdt must
be removed from sap to produce 1 gallon of
standard-density sirup.

X =the Brix value of the sap (to represént the
solids concentration of the sap).

From this number, 1 is subtracted to obtain the
number of gallons of water that must be evaporated
from the sap to obtain 1 gallon of sirup, The
following equation is used : ’

86
=21 ]
Example: With sap having a density of 2.49 Brix,
a=%3—1, or 36—1=35,
‘he number of gallons of water that must b# evap-
orated to obtain 1 gallon of standard-densitylsirup.

Summary

(1) The modern évaporator is an open-pan, flue

type and has a high evaporation efficiency.
(2) Tlll)e major changes that affect sirup quality,
color, and flavor occur after the sap has been
concentrated to 45° Brix.

(3) The development of color and flavor depend
on the length of time sap with a Brix value of
45° or higher is boiled. _

(4) Evaporation rate is increased if the path the
sap dtravels over the heated surfaces is length-
ened.

" (5) Use of multiple sa pans assembled in series

increases the rate of evaporation.

(6) The time required for the last stage of evapo-
ration is determined by the holdup time
(depth of sap in evaporator, last section or in
ﬁnisliling pan) and the intensity of the heat.

(7) Production of light-colored sirup is favored
by shallow depth of sap in the evaporator and
by intense constant heat.

OPERATING THE EVAPORATOR

Starting the Evaporator

The sap is run into the evaporator until the bot-
tom of tﬁe front pan is covered to a depth of 1
inch ; then the fire 1s lit. As soon as the sap begins
to boil, the sap inlet float valve is adjusted to main-
tain the desired depth of liquid (1% to 1 inch) in
the sirup pan. As water evaporates, the float valve
admits more sap (fig. 79).

If sirup has not been made previously, a series
of adjustments of the float wilf)be necessary to be
sure the liquid in the sirup pan is always main-
tained at a depth of 14 to 1 inch at the point of
drawoff.

The constant addition of sap keeps the sap in
the pan dilute. It becomes progressively more con-
centrated at points farther from the sap inlet.
The sirup drawoff is at the farthest point.

Saps of different solids concentrations (° Brix)
require different adjustments of the inlet-valve
regulator to maintain the same depth of sirup in
the front pan. The depth of sap in the sap pan
must be greater for sap with a Brix value of 1°
than for sap with a Brix value of 2° and it must
be lower for sap with a Brix value of 3°. By
checking the Brix value of the sap in the storage
tank, the float valve can be set to maintain the
desired depth of sap in the evaporator. The Brix
value should be checked with a hydrometer every
half hour or whenever a new lot of sap is run into
the storage tank. This will prevent burning the
pan, which might happen with a change to sap
with a higher Brix value unless the depth of liquid
is increased.

The pipeline between the storage tank and the
evaporator must be large enough to assure a con-
stant and -adequate supply of sap to the evapora-
tor, so that a constant level of sap is maintained.
If this pipe is connected to an outside storage tank,
it must be insulated to prevent the sap from freez-
ing in the line. Were this to occur, the supply
of sap would be cut off and the pans would burn.

The sap feed line should be equipped with a fast-
acting valve that can be used to adjust the flow



of sap and to stop the flow when the evaporator
is taken out of use. A secondary sap feed line
should also be ‘installed. This line should

equipped with a flexible hose long enough to reach
any part of the evaporator or finishing pan. This
is an emergency line for use whenever there is|a

stoppage in the main feed line or for quickly sup--

plying sap to any part of the evaporator where sap
1s needed to prevent burning the evaporator.

Drawing Off the Sirup

The boiling point of standard-density sirup is
7° F. above the boiling point of water. This is
discussed in detail in the section “Elevation of the
Boiling Point,” p. 61.

Any thermometer that has a range of 200° to
230° F. and a sufficiently open scale can be use
to determine the boiling point of sirup. It shoul
be calibrated in 14° and preferably in 1°.

With older procedures, 1t was customary to make
finished sirup in the evaporator. It was seldo
gossi'ble to continuously remove sirup of standa:

ensity from the sirup pan, except in very lar
evaporators. Instead, the sirup was removed dis-
continuously or in batches. Thelast channel of th
sirup pan was in effect a finishing pan. This
caused the following undesirable conditions: T
sirup channe] was seldom isolated, so that the tur-
bulence of the boiling sirup caused a constant
intermixing of the finished or nearly finished siru
with less concentrated sap. This lengthened th
holduﬁ)1 time (time sap is heated) and occurr
when heating is a critical factor in flavor and colo
development. Also, each time a lot of finish
sirup was drawn off, some sirup had to be left i
the last channel of the evaporator to keep th
evaporator from burning. The sirup that was le
was then mixed with the next lot of dilute sirup.
The prolonged heating period darkened the color.

However, when this procedure is followed, th
drawoff valve must be opened as soon as the boil
ing sirup reaches a temperature 7° F. above tha
of boiling water. The temperature of the boilin
sirup should be watched closely to be sure it neithe
rises above nor falls below this temperature, an
the sirup should be drawn off at a rate to maintai
this temperature. If the boiling sirup falls belo
the proper temperature, the drawoff valve shoul
be closed immediately.

Finishing Pan

Because of the difficulties of finishing the siru
in the evaporator, use of a separate finishing pa
is recommended (figs. 80 and 81). A separat
finishing pan permits (1) complete removal of th
almost nisheg sirup (45° to 60° Brix) from the
evaporator, so that there is no ibility of inter
mixing with less concentrated sirup; (2) comple
control of finishing the sirup without extendin
the total time the sap is heated ; and (3) complet.
removal of the finished sirup from the pan.

Figure 80.—The finishing pan allows complete control over the
final stage of the evaporation of sap to sirup. Generally, the
fuel is bottled gas.

The size of the finishing pan is determined by
the size of the evaporator. Partly finished sirup
should be removed from the evaporator at least
once each hour and finished in batches. Since
sirup transferred to the finishing pan will have a
solids concentration of not less than 45° Brix and
since it requires 2 gallons of 45°-Brix sirup to
yield 1 gallon of 65.5°-Brix (standard-density)
sirup, an evaporator that has a rated capacity of
4 gallons of finished sirup per hour requires a
finishing pan that holds 8 gallons of 45°-Brix sap
and provides additional space to take care of foam-
ing. A pan 18 inches square will hold ap%)rom-
mately 1.5 gallons for each inch of depth. There-
fore, to accommodate 8 gallons of 45°-Brix sap the
pan should be 5 inches deep and should have an
additional 10 inches for foaming. The pan will
therefore be 18 inches square and 15 inches deep.
It should have handles and a cover and should be
equipped with a precision thermometer having a
range of 200° to 230° F. in 14° or preferably 1/°
divisions and a sirup drawoff cock. Preferably,
the pan should be heated by gas flame since gas
heat can be easily adjusted and can be shut off
when the sirup reaches the desired boiling tem-
perature.

For convenience two finishing pans can be used
alternately. When a finishing pan is used, the sap
being drawn from the evaporator for transfer to
the finishing pan need not be of constant density.
It can be any density above 45° Brix (4° or more
above the boiling point of water). The higher the
density of the sirup that is withdrawn from the



Figure 81.—A st heated finishing pan, like a gas-fired pan, provides positive control of the finished sirup and eliminates danger

of scorching.

evaporator, the smaller the amount of liquid that
has to be evaporated in the finishing pan.
Another and important advantage of psing a
ﬁnishin% pan is that it-permits filtering the sirup
that is being transferred from the evaporator to
the finishing pan. Sirup at this density |(45° to
60° Brix) has essentially all of its sugar sand (see
p. 68) precipitated. At this density, it has a vis-
cosity (fluidity) only slightly higher than water
and filters much more readily than does standard
density sirup.
In some installations, the sirup is pumped from
the finishing pan to the holding or canning tank.
A cartridge-type filter can be placed in this pipe-
line to serve as a polishing filter. It will remove
any sugar sand that was not removed by the major
filter or that may have been formed in the finish-
ing pan.
any producers using bottled gas to heat the
finishing pan report that the cost of fue] is ap-
proximately 3 cents per gallon of finished girup.

A finishing pan is always used in conjunction
with a complete evaporator (flue pan plus flat
pan). The flat or sirup pan of the evaporator
serves as a semifinishing pan. The capacity of the
evaporator is readily expanded by adding one or
more flue (sap) pans, each with its own arch and
separate heat source (preferably oil).

When a finishing pan is used, the following pro-
cedures should be observed :

(1) Do not finish more than 5 to 10 gallons of
sirup in a batch.

(2) When the sirup is finished, that is, when
it reaches the proper temperature (7° F. above the
exact boiling point of water), heating must be
stopped immediately.

(3) Drain all the finished sirup from the pan.
If any sirup is left in the pan, it will darken the
next batch.

(4) Use two finishing pans alternately.



Avutomatic Drawoff

An automatic drawoff is well suited for
the partly evaporated sap from the eva
later completion in the finishing pan (fig.
high precision thermoregulator is not re
since a tolerance of +0.5° F. is acceptable
rections need not be made for slight change
boiling point caused by changes in barpmetric
pressures throughout the day.

Automatic valves can be purchased as complete
packages, or they can be assembled as indidated in
chart 10. These valves are operated by a solenoid,
which in turn is operated by a thermoregulator.
The thermoregulator is adjusted by hand to
open or close the valve when the boiling sirup
reaches the desired temperature, as measured by a
precision thermometer. :

A thermoregulator, if used to control the re-
moval of finished sirup from the evaporator or
finishing pan, must be sensitive to -.changes of
+0.1° F. The thermoregulator must be recali-
brated three times a day.

When the thermoregulator is operated
v. a.C., a condenser must be shunted across the line
(see chart 10) to protect the contact points against
the surge of heavy current that is set up each time
the solenoid coil operates. To avoid this, it i
ter to operate the thermoswitch on low d.c.
and use a high-capacity mercury relay to
the solenoid valve. v

Another type of temperature regulator uses
thermistor probes as the sensing element. |A sen-
sitive electrical relay must be used with this type
of regulator, and it is recommended for use with
the thermo lator.

The thermistor probes in the boiling sirup must
oe kept free of sugar-sand deposits. Deposits of
sugar sand on the probes will change their heat-

AUTOMATIC SIRUP DRAW OFF
MECHANICAL ASSEMBLY

117 VOLT POWER

EVAPORATOR PAN

THERMOMETER

17 VOLT CPpIL

~=—SOLENOID VALVE
NORMALLY CLOSED

S,
SWITCH (

THERMO
0.5 MICROFARAD 600 VOLT
OIL FILLED CONDENSER
OR TYPE 8A5PSS (I.T.T.) FEDERAL
GCONTACT PROTECTOR
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Chart 10.—Automatic sirup drawoff.

Figure 82.—The automatic drawoff is especially well suited for
removing sirup-from the evaporator. When a finishing pan is
used, the evaporator functions as a semifinishing pan.

transmitting properties and cause error in their
response to the sirup boiling temperatures. The
probes can be kept free of sugar sand by soaking
them in 10-percent sulfamic acid between runs.
This same precaution applies to the bulb of the
thermometer.

A further advance in controlling automatic
drawoff has been made at the Eastern Utilization
Research and Development Division. A new ther-
moregulator containing a wheatstone bridge, ther-
mistor probes, and a meter relay automatically
compensates for changes in boiling point caused by
changes in barometric pressure (fig. 83). The in-

tic th gulator that P t for

Figure 83.—Aut
changes in barometric pressure.



strument employs two thermistor prol The

water probe continually responds to changes in

‘the temperature of boiling water. The sirup probe
Dauses tﬁe valve to open whenever the temperature
of the boiling sirup reaches a predetermined num-
ber of degrees above the temperature of the boiling
water—7° F. for standard-density sirup and
slightly more for heavier sirup.

End of an Evaporation

When the evaporation of a run of sap has been
completed, care must be taken or the pans may be
burned. If water is available, it can be run into
the storage tank as the last of the sap is being with-
drawn. Little sap will be lost, and the pans can be
flooded with 3 to 5 inches of water before the fire is
extinguished. This precaution is necessa
either wood or oil is used because enough heat will
remain in the firebox and arch to melt the solder
and the thin metal of the pans if the pans
dry before the firebox has cooled.

f water is not available, the fires must|be ex-
tinguished and evaporation stopped while there is
still enough sap in the storage tank to
evaporator to a depth of 3 to 5 inches.

* Cleaning the Evaporator

When maple sap is concentrated to sirup in a
flue-type open-pan evaporator, the organic salts be-
come supersaturated ; that is, they are concentrated
to a point where they can no longer be held in solu-
!(()m. They are then deposited on the sides and
Jottom of the evaporator as a precipitate or scale.
This scale forms an impervious layer that [builds
up with continued use of the evaporator, The
scale reduces heat-transfer efficiency and thus
wastes fuel and holds up sirup in the evaporator
unduly.

The scale is of two types. One type isa protein-
like material that forms in the flue or sap pans.
The other, called sugar-sand scale, forms |in the
sirup or finishing pan. It is a calcium and mag-
nesium salt deposit similar to milkstone and| boiler
scale.

Sugar-sand scale is the more troublesome,of the
two types. It is especially troublesome if it is
allowed to build up to an appreciable thickness.
Also, sugar sand contains entrapped caramelized
sugar, which contributes to the production of dark-
colored sirup.

Removing sugar-sand scale is not easy, and do-
ing it by physical means (scraping, scrubbing with
steel brushes, or chiseling) is almost impdssible.
Removal becomes more difficult as the layer of
scale becomes thicker. Clean the evaporators often
enough to prevent buildup of sugar sand. Teflon-
soated pans are easier to clean. Also, keep the
underside of the flues clean.

Methods Used in the Past

Some methods used in the past to prevent for-
mation of scale and to remove thin layers include—

(1) Reversing the flow of sap through the evap-
orator, according to the manufacturer’s directions;
this retards the formation of scale.

(2) Running soft spring water through the
evaporator for a long period; this tends to cﬁssolve
small amounts of scale.

(3) Pouring skim milk into the pan and letting
it remain until it sours; the lactic acid of the sour
milk has some solvent action on the scale.

Chemical Cleaners

Equipment manufacturers have used muriatic

acid to remove heavy incrustations of sugar-sand
scale from evaporators returned to them by maple-
sirup producers. This acid is highly corrosive
and must be used with great care to avoid damag-
ing the pans by dissolving the thin tinplate coat-
ing. Also, unless a person is experienced in the use
of muriatic acid, there is danger that he will get
the acid on other materials or on his skin.
- Laboratory and field tests have shown that sul-
famic acid ( 10.9]), one of the chemicals developed
for cleaning milk-processing equipment and ma-
rine boilers, can be used to remove sugar sand from
most maple sirup equipment. Sulfamic acid (the
half amide of sulfuric acid) is an odorless, white,
crystalline solid and is highly soluble in water. It
must not be confused with sulfuric acid. Sul-
famic-acid crystals can be handled easily, with
little risk of spilling and little danger from vola-
tile fumes, As a solid, sulfamic acig is reasonably
harmless to the skin and clothing. However, a
solution of the acid can irritate the skin. If either
the dry acid or its solution comes into contact with
the skin, it should be washed off immediately with
large quantities of water. Also, it should be re-
moved from clothing and equipment by rinsing
repeatedly with large quantities of water. Bulk
supplies should be stored in a tight container in
a dry place.

Despite its strong acid characteristics, sulfamic
acid has only a slight corrosive action on most
metals except zinc plating, especially if contact is
for a short period. For example, on tin Sthe metal
coating of most evaporators), hydrochloric acid
is almost 25 times more corrosive than sulfamic
acid and sulfuric acid is approximately 80 times
more corrosive.

Gluconic acid, another chemical cleaner, is
recommended for cleaning galvanized-iron equip-
ment because it has much less corrosive action on
the zinc coating. However, use of gluconic acid
need not be limited to cleaning galvanized equip-
ment ; it is effective on most metals, even though it
has a slower cleaning action than sulfamic acid.
It is usually sold as a 50-percent water solution.

Both sulfamic acid and gluconic acid can be ob-
tained from suppliers of maple sirup equipment.



Use these amounts of acid :

Sulfamic Acid—For a thin scale, use v, pound
(1% cup) per gallon of water. (This iga 3-percent
solution.) For a heavy deposit, use 15 pound (1
cup) per gallon of water. (This is|a 6-percent
solution.)

Gluconic Acid.—For all deposits, use 1 gallon of
50-percent stock solution (obtained from your sup-
plier) for each 4 gallons of water. (Thisisa 10-
percent solution.)

To avoid damaging the tinned surface of the
evaporator, do not use a stronger sqlution than
recommended; and do not leave the|solution in
the evaporator longer than is required to soften
the scale.

Cleaning Procedure

Use the same methods to clean thé flue (sap)
pans and the sirup (finishing) pan.

You will need a good supply of
so that you can use a hose to rinse the pans. If
water is not available at the evaporator house, take
the evaporator pans to a source of piped water.

You should wear rubberized gloves to protect
your hands from the acid solution.

The best maintenance practice is to remove the
sugar-sand scale between each run. The following
procedure should keep the evaporator clean and
bright : With a cloth, swab the pans with the acid-
cleaning solution; allow it to remain|a few min-
utes; then thoroughly rinse the pans|with water,
to be sure the acid is completely removed.

If a layer of scale has accumulated on the
evaporator, use the following procedyre:

(1) Removeall loose scale and dirt from the pan
with a broom or brush. Then rinse the pan with a
good stream of water from a hose.

(2) Plug the outlets of the pan. If the outlets
have threaded fittings, use metal screw plugs;
otherwise, use wood, cork, or rubber stoppers.

(8) Fill the pan with water to th Iievel to be
descaled. Measure the water as you put it in the

an, and make a record of the number of gallons
or future use. Also, make a record of the esti-
mated volume of the pan.

(4) Add the correct amount of acid|to the water
inthepan. Stir to help dissolve the acid.

(5) Warm the solution in the pan to a tempera-
ture of 140° to 160° F. This hastens the rate at
which it softens or dissolves the scale, After the
warm solution has been in the pan for a short time
(usually 15 to 20 minutes is enough)), brush the
sides and bottom of the evaporator \with a fiber
brush to speed up removal of the deposited sand.

(6) When the evaporator is clean, drain the
acid from the pan. Turn the pan on its side and
flush it out with a stream of water.| Repeat the
water rinse five or six times, and allow the pan
to drain between each flushing.  Thorpugh rinsin
is necessary to insure complete removal of the aci
and its salts from the pan.

To remove a thin layer of scale with sulfamic
acid requires from 30 to 35 minutes; to remove a
thick layer requires from 60 to 90 minutes. With
gluconic acid, about twice as much time is requirec)
The acid solution can be stored and reused a num-
ber of times. Do not store it in iron or galvanized
lc)ontainers; glass or earthenware containers are

est. .

To economize on the amount of acid, use a
smaller quantity of solution and tilt the pan first
in one position and then in another until all the
scale-covered surfaces have been soaked.

Sulfamic acid and its salts are toxic to growin
olants.  For this reason, it is an effective weed-

iller. But care should be taken not to discard
the used acid solution where desirable plants may
be damaged or killed.

End-of-Season Cleaning

A much-used procedure for cleaning evapora-
tor pans at the end of the season is to fill them
with sap and let them stand several weeks. The
sap will ferment and the acids formed will loosen
the scale. If the sap becomes ropy and jellylike,
it will be difficult to remove. However, if it is
allowed to stand longer, it will again become liquid
and can be removed easily. As with the other
cleaners, the pans must be rinsed after the fer-
mented sap treatment and dried before they are
stored. Fermented sap will not remove heavy
scale deposits.

Whether to clean the evaporator at the end of
the sap season is debatable. Some producers store
the evaporator pans with the deposit, assumir
that this serves as a protective coating and keep.
the evaporator surfaces from corroding. The
preferable method is to clean the equipment so
that it is ready for use the next S})ring. In either
case, the evaporator pans should be dried and
stored in an inverted position.

Summary

(1) Use a flue-type open-pan evaporator as the
basic unit.

(2) Evaporate more than 90 percent of the water
in the evaporator. The sap should have a
Brix value of 45° to 60°. .

(3) Complete the evaporation in a finishing pan.
(4) To expand the evaporation, add one or more
flue pans and operate them in series.

(5) Operate the evaporator with a minimum
depth of sap. Keep the depth of sirup at
point of drawoff at 15 to 1 inch. )

(6) Keep sap boiling vigorously at all times.

(7) For wood fires keep the fire uniform and
keep the fire doors closed except when adding
fuel.

(8) If a finishing pan is not used, draw oft the
sirup as soon as it reaches the proper boiling
temperature (7° F. above the boiling point
of water for that hour and place).



(9) If a finishing pan is used, draw off the sirup
at 45° to 60° Brix (boiling temperature at
drawoff 5.5° to 6.5° F. above the temperature
of boiling water). Use an automatic valve
controlled by a thermoswitch.

(10) Filter the sirup in transferring it from the
evaporator to the finishing pan.
(11) As soon as the temperature of the|boiling

sirup in the finishing pan rises 7° K. above
the boiling point of water ghic yields
standard-density sirup; 7.5° above the boil-

ing point yields 66°-Brix sirup with better
taste), immediately stop heating,
pan and withdraw the sirup.

(12) Clean the evaporators often enough|to pre-
vent buildup o?sugar sand.

(13) Rinse the evaporator pans with large
amounts of water (use three separate rinses,
draining the pan between each rinse after
each time a chemical cleaner is used in the
evaporator or finishing pan).

(14) Keep the underside of the flues cle:

OTHER TYPES OF EVAPORATOR

Other types of evaporators include the steam
evaporator (or a combination of oil and |steam)
and the vacuum evaporator.

Steam Evaporator

The evaporation of maple sap with hign-pres-
_sure steam (figs. 84-86 and chart 11) is practiced
3y a few producers (88). Its use, however, has
lever become widespread. Steam evaporators
have several advantages, as follows: (1)
is steady ; therefore, the sap can be evaporated at a

continuous and even rate. (2) Heat can |be sup-
plied in steam coils, manifolds, or a jacketed kettle.
(83) The evaporator can be construc: with
smooth walls; flues are unnecessary. (4) Scorch-
ing of sirup is minimized. (5) I"g‘he evaporator
room can be separated from the boiler room|, which
makes it easier to keep clean. (6) The high-pres-

sure steam can be used as the source of heat in
making a variety of maple products. (7)| Where
soft coal can be obtained cheaply, high-
steam is economical.

The disadvantages of steam evaporators are:
(1) A license may be required to operate
boiler. (2) The boiler needs periodic inspection
and overhauling.
not suitable for use in a steam boiler. (4) The
initial cost of the steam boiler may not be justified.

The approximate size of a steam boiler | (boiler
horsepower, b.h.p.) required to evaporate sap to
sirup can be calculated, since 1 b.h.p. will evapo-
rate approximately 3.25 gallons of water (sap)
per hour. The value 3.25 varies slightly, depend-
ing on the temperature of the sap as it enters the
evaporator and the operating pressure of the boil-
er. As indicated earlier, 33.25 gallons of water

(3) In some areas the water is .

must be evaporated from sap with an initial Brix
value of 2.5° to produce 1 gallon of sirup. Ap-

proximately 10 b.h.p. (gg—g-g

produce 1 gallon of sirup per hour.
A system that is proving successful is the com-
bination of oil and steam. In this two-stage sys-

will be required to

Figure 84.—High-pressure steam boilers are economical when low-
priced fuel is available. Approximately 20 gall of finished
sirup per hour can be made in the two 100-h.p. boilers shown.

Figure 85.—A converted evaporator that uses high-pressure steam
coils with steam generated by two 100-h.p. boilers.
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Chart 11.-—Muhfple-uni' steam evaporator.

Figure 86.—This evaporator consists of several units connected in
series with the partly evaporated sap moving successively to
the next evaporator by means of a float control valve to prevent
intermixing of concentrated sap with less concentrated sap.

tem, oil is used to concentrate the sap to about 30°
or 40° Brix in flue pans, and steam is used to com-
plete the evaporation. This combination has all
the advantages of steam for finishing the sirup,
but requires a smaller, and therefore less expen-
sive, steam boiler.

Vacuum Evaporator

Milk-concentration or fruit-juice evaporation
gla-nts in maple-producing areas can be adapted
or evaporating maple sap. This was done during
the 1930’s at Antigo, Wis., where a milk plant was
used to make sirup during part of the day in the
spring sirup season (2).

The procedure used at Antigo is as follows:
The sap is concentrated to between 25° and 30°
Brix in the conventional open-pan evaporator at
the farm site. This is 90 percent of the required
evaporation. Evaporation is completed in a vac-
uum evaporator at the central sirup-finishing
plant. This two-stage method of evaporation re-
sults in a nearly colorless and flavorless maple
sirup. Such sirup is not marketed for direct use,
but it is ideal for the production of high-flavored
sirup, as described on page 89.

A study at Cornell (38) showed that the use of
milk-plant equipment during off-peak seasons for
evaporating maple sap was practicable but that
the sirup produced had to be treated by the high-
flavoring process to obtain marketable maple sirup.
The fixed costs for use of milk-plant equipment
are negligible. However, the perishable, partly
concentrated sap must be transported to the milk-
concentrating plant, and use of a central sirup-



finishing plant requires a new procedure for
maple-sirup production.

Summary

(1) Thesteam evaporator provides a stez...,” source
of heat, and danger of scorching is minimized.
The sirup produced is light colored and delic-
ately flavored. However, the steam gvapora-
tor is expensive to install. A combination
oil-and-steam system (two-stage method of
evaporation) is proving successful; it has all
the advantages of steam but is less expensive
to install.

(2) The vacuum evaporator, which is li
large-scale or central-plant operatio
to complete the evaporation of sap
been partly concentrated on the far The
equipment used usually is idle milk-¢vapora-
tion e%uipment. The sirup produced has es-
sentially no maple flavor, but 1t is excellent for
use in making high-flavored sirup.

FUEL
Wood

The modern flue-type evaporator was aesigned
for burning wood. A wood fire carries a luminous
flame throughout the entire length of the arch.
The flue area of the evaporator and the part that
lies over the firebox are heated both by|radiant
and by convection heat liberated by the burning
gases. The wood may be sound cordwood, defec-
ive trees removed in improvement cuttings, or
sawmill wastes—either culls or slab (62).

In the evaporation process, the object isto evap-
orate the water in the shortest possible time.
Therefore, it is essential to use only dry, sound
wood that will produce a hot fire. Wet or green
wood will not produce as much heat as |will the
same volume of dry wood. Poor burning fuel
results in a slower boiling rate. This, in turn,
causes the sap to be held in the evaporator for a
longer time and results in a darker sirup.

A steady fire shortens the boiling time. The
best results are obtained by charging the firebox
first on one side and then on the other, keeping
the fuel in the firebox at almost constant| volume
(fig. 87). The fire doors should be closed jmmedi-
ately after each charging to reduce the intake of
cold air which cools the underside of the pans.
When this happens, the boiling rate of |the sap
decreases and holdup time in the evaporator in-
creases. Likewise, ash-pit draft doors that are
open too wide will admit more air than is required
for combustion, and the excess air has a|cooling
effect. Introduction of cold air beneath the evap-
orator pan in either the firebox or the flue area
not only reduces the boiling rate but also tends to
set up counter currents in the flowing sirup in the
different channels of the evaporator. This also
contributes to the production of a darker sirup.

hat has

Figure 87.—When both doors are opened for firing, the excess air

admitted chills the pan. Boiling stops; sap and partly evapo-
rated sirup intermix; and then, when the fuel is again burning
briskly, the evaporator must equilibrate itself.

The cost of wood fuel to produce a gallon of
sirup (based on data obtained in 1953 and 1955)
ranged from 15 to 65 cents, with an average of 45
cents. This represents less than 10 percent of the
cost of sirup production (§, 702). The heating
value of different wood fuels expressed in British
Thermal Units (B.t.u’s) for a standard 4 feet x
4 feet x 8 feet cord are: Maple, 22,800,000; beech,
20,900,000 ; and hickory, 24,800,000.

Oil

The advantages offered by using oil as the heat
source for evaporating maple sap to sirup are
numerous (95). Chief among these are: (1) It
is automatic; therefore, it does not require the
services of a fireman; (2) it provides a steady uni-
form heat, which is desirable for producing high-
quality sirup; (8) it is clean ang therefore aids
in better houskeeping and sanitation in the evap-
orator house; and (4) the cost of oil in terms of
b.t.u.’s is about the same as for wood ; but by elimi-
pafing the wages of a fireman, its operational cost
is less.

The disadvantages of using oil as the fuel
source, while few, are nevertheless important: (1)
The initial cost (capital investment) of oil burners
is high; (2) oil burners require a special arch
(firebox) although in a new installation it is not
necessarily more expensive than the conventional
wood-burning arch; and (3) oil does not make use
of the cull trees that must be removed each year
froma well-managed sugar bush.

When oil is used as fuel, two pertinent facts
must be observed. The first and most important
is that wood and oil burn in different ways. Wood



burns with a luminous flame (long fire pt;,th)
throughout the length of the evaporator, including
the area under the flue pans as well as under the
sirup pan; oil, on the other hand, burns as al ball
of flame in only a relatively small space.
Secondly, of the two forms of heat transfers—

radiant and convection—used in a sap evaporator,

radiant heat accounts for approximately 80 |per-
cent of the heat transferred to the liquid, whereas
convection heat (that which is derived from the
hot flue gases passing over the surface of the pans
and flues) supplies approximately 20 percent.
Therefore, to make use of the radiant heat from
the oil fire, the ball of burning oil must illuminate
the entire undersurface of the pans. This neces-
sitates properly positioning the ball of burning
oil and eliminating any obstructions that will pre-
vent illumination of the entire undersurface of the
pans. This requirement will be met only through
the proper design of arches made for the burning
of o1l as fuel.

A wood-burning arch cannot be successfully|con-
verted to an oil-burning arch without major
changes. The principal fault of such a conver-
sion is that the slope of the wood-burning jarch
behind the firebox does not permit illumination of
the entire underside of the sap or flue pan by the
ball b(:)flburning oil and, consequently, the sap will
not boil.

Size of Burner

The size of burner to use is determined by two
factors: (1) the length and width of the evapora-
tor (the vertical area of the flues have a mi
effect) ; and (2) the quantity of sap to be evapo-
rated per hour. If the rated capacity of the
evaporator in gallons of sap per hour is known, it
can be divideg by 13 (the approximate number
of gallons of water evaporated per hour by 1 gal-
lon of oil) to obtain the size of burner (g. .1%.=
gallons of oil per hour) required for a specific
evaporator.

The rated capacity of an evaporator burning
wood cannot be accurately equated to that of an
evaporator burning oil. Therefore, this method
of calculation may indicate a burner that is too
large. However, this is not . serious since the
amount of oil burned per hour can be changed,
within limits, by changing the size of the nozzles.

To prevent damaging the pan by firing with an
oversize burner, it is recommended that for the
first trials a nozzle size 20 percent smaller than
indicated by the above calculation be used. | The
burning rate (nozzle size) can then be increased
as needed. An empirical method for determining
nozzle size is to divide the surface area (length
times width) by 5. Thus, a 5- by 12-foot evapora-
tor would require an oil burner nozzle of 12 .p.h.

Type of Burner

With few exceptions, high-pressure oil burners
that use No. 2 oil are recommended. The{r are

available with different nozzle sizes to fit evapora-
tors of all sizes. Their lower initial cost offsets
any advantage gained by using burners that re-
quire the heavier grades of oil. |

Number of Burners per Arch

Only one burner is required for each evaporator
(fig. 88). It must be correctly positioned under
the evaporator and the combustion chamber must
meet certain minimum standards. Use of a single
burner reduces the capital investment and instal-
lation costs. For example, the capital investment
and installation costs for an evaporator requiring
12 gallons of fuel per hour supplied by a single
burner would be approximately half that for an
evaporator supplied by two 6-gallon-per-hour
burners. In addition, the two smaller burners will
require more servicing and attention than will the
larger one.

If one burner is used, it should be mounted far
enough below the bottom of the pan so that the
radiant heat will be effective across the full width
of the pan. If construction of the arch does not
permit mounting the burner this far below the pan
(see table 5), then two or more smaller burners
mounted horizontally should be used to insure heat-
ing the full width of the pan (fig.89). If theslope
of the arch is such that the undersurface of the
flue pan cannot be illuminated by the ball of fire
(see chart 12), boiling may not occur in the area
not illuminated. This is especially true of wood
fuel arches that have been converted for oil
burners. To compensate for this, a supplementary
firebox can be constructed under the flue pan, an¢

Figure 88.—A correctly positioned, single, high-pressure, domestic-
type burner will give the required heat for the evaporation of
the sap.



Figure 89.—When one large burner cannot be mounted sufficiently
far below the pan, two or more smaller burners can be mounted
horizontally to give the required amount of heat without danger
of producing hot spots.

Cinder fill, may have
1" fire brick facing

another burner mounted; however, this is not al-
ways satisfactory.

Nozzle Tip

For evaporators in which the length is approx-
imately twice the width, the nozzle tip should be
at an 80° angle. For evaporators in which the
length is greater than twice the width, the nozzle
should be at a 60° angle. Irrespective of the type
of nozzle tip or the angle, the burner must be ad-
justed so that the correct amount of air is fed
along with the atomized oil to insure complete
combustion. This can be checked with a flue gas
analyzer.

Arch and Combustion Chamber

The arch for oil fuel also serves as a support for
the evaporator pans and contains the combustion
chamber and the flue for the hot gases. The arch
should be located in the evaporator house to pro-
vide an adequate working space with room for
installing supplemental arches as the operation is
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expanded. The arch need not be in the center of
the evaporator house but may be at one side. The
concrete footings for the arch should be on gravel
and should-extend below the frostline. An|all-
masonry arch, with external walls built of cinder
block or brick, may be built on the site, or the arch
may be prefabricated with exterior walls of sheet
metal on a cast iron and steel frame. In either
case, it must conform to certain minimum dimen-
ls;ior}mls. The interior construction is similar| for
oth.
Dimensions of Arch.—The size (length |and
width) of the arch is determined by the size of the
evaporator. It must be wide enough to support
the pans and long enough not only to support the
ans but also to hold the base of the flue-gas stack.
hart 12 shows a masonry arch for a 5- by 12-foot
evaporator (9-foot flue pan and 3-foot flat pan).
The outside walls are cinder block except for the
top section, which is 8%%-inch bricks to provide a
2-1nch supporting surface for the pans and project
114 inches %eyong the pans. If the arch is made to
the exact outside dimensions of the pans, the sup-
porting wall of the arch would cover too much of
the underpan surface (3% inches on all sides)
large loss of heating surface would result.
he height of the arch is governed by the|size
of the com%)ustion chamber, which in turn is gov-
erned by the size of the burner (see table 5) and the
size of the evaporator. For a 5- by 12-foot evapo-
rator, the height of the arch should be 46 inches
(chart 12). %‘he arch should elevate the pans 46
inches or more above the floor level to permit the
use of gravity flow of the sirup in successive opera-
tions. If the arch raises the pans too high, espe-
cially when multiple evaporators are used, aj cat-

walk can be installed ; or the combustion chamber
of the arch and the burner can be built in a pit.

Firebox and Combustion Chamber—The en-
tire open space enclosed by the arch under the pan:
is the firebox. Better results will be obtained it
it contains a combustion chamber (see chart 12).
The function of this chamber is (1) to provide
a hot radiating surface and (2) to utilize the hot,
incandescent surface to vaporize and insure com-
plete combustion of the oil.

For maximum efficiency, the size of this com-
bustion chamber must conform to minimum dimen-
sions that are related to the nozzle size of the
burner. These dimensions are given in table 5.
A rule of thumb relation between combustion
chamber and nozzle size is that there should be a
floor area of 90 square inches for each gallon per
hour of rated nozzle capacity.

The distance between the top of the combustion
chamber and the bottom of the pans (dimension
D of chart 12) is important for two reasons: (1)
the ball of burning o1l should be far enough below
the “cold” pan surface to prevent corrosive de-
posits on the underside of the pan; and (2) the
ball of fire must be far enough below the pan so
that the acute angle of radiation from the apex
(ball of fire) to the extreme sides of the pan is
kept to a minimum (table 6). If the ball of fire
is too close to the pan, there is insufficient space
between the pans and the top of combustion cham-
ber; and the angle of radiation becomes too great.
This results in uneven heating across the width of
the pan. Overheating occurs directly over the fire -
This can be compensated for only by using mor..
than one burner mounted horizontally.

TasLE b.—Inside dimensions of combustion chamber and stack diameters
lesr?;llce Q) Distance (E)
center . between . .
. burner Minimum Length for com- Width for Approxi- Mini-
Burning draft tube height nozzle |angle bustion nozzle angle mate mum
rate of oil to com- of-— chamber of— floor dia-
(g.p.h.) bustion (B) and top area meter
chamber of arch of stack
o 60° | s0° (D) 60° | 80°
Inches Inches Inches || Inches Inches Inches | Inches Squ;lzre Inches
inches
9 18 25 22 19 18 21 450 10
9 18 27 24 19 20 23 540 10
10 19 29 26 20 22 25 630 10
11 19 30 28 20 24 26 720 12
11. 5 19 32 29 20 25 28 810 12
12 19 33 31 20 27 29 900 12
13 20 36 34 20 30 32 1, 080 12
14 21 39 36 20 33 35 1, 260 14
15 22 41 39 20 35 37 1,440 14
16 23 44 41 20 37 40 1, 620 16
17 24 47 43 22 39 42 1, 800 18
18 25 49 45 22 41 44 1, 980 20
19 25 51 47 22 43 46 2,160 20




‘Construction of Arch and Combustion Chamber

Arches may be made of sheet metal or masonr
_(chart 12). In arches made of either| material,
/the combustion chamber is free standing within
the arch and is constructed of insulatin t%rebrick.

In sheet-metal arches the remainder of the arch
is lined with hard firebrick. The combustion
chamber is separated from the exterior wall of
the arch by an air space to allow for expansion of
the heated bricks. For the same reasom, there is
an air space between the hard firebrick|liner and
the exterior walls of the arch. The fill between
the combustion chamber and the rear of the arch
must be of a nonpacking material such gs cinders.

Size of Stack

Since the oil burner is operated under forced
draft, the flue stack need not be as high or as wide
as when wood is the fuel. The size of the stack is
governed by the size of the oil burner |(table 5).
With only one arch, it is recommended that a
complete evaporator, flat pan, and flue pan be

used. However, it is also recommended that the
flue pan be at least two-thirds the total length of
the evaporator. The flat pan serves as the semi-
finishing pan in which the sap is raised to a den-
sity of 55° or 60° Brix. The partly concentrated
sap should be transferred from the evaporator to
the finishing pan where the final stage of evapora-
tion is completed. Although sap can be concen-
trated to sirup in the evaporator, this practice is
not advised.

Installation of Multiple Arches

To increase the capacity of the evaporator, addi-
tional arches and pans can be added. Each addi-
tional arch should be equipped with a flue pan
only and should be installed ahead of and in series
with the complete evaporator (see chart 13).
The supplemental flue pan arches are constructed
in exactly the same manner as the one for the
complete evaporator. To connect the supplemental
flue pans in series with the evaporator requires
only one point at which the raw sap is fed and one

Figure 90.—In one of the most economical and efficient types of evaporators, an oil fire and four flue pans are used for evaporation; high-

pressure steq

is used for the last stage of evaporation.
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Chart 13.—Flow diagram of multiple-unit evaporator.

point at which the partly evaﬁorated sap or sirip
1s removed for transfer to the finishing pan lor
bottling tank. In the multiple unit assemb y,.the
flat pan of the evaporator continues to serve as the
semifinishing or finishing pan.

Efficiency of Heat

A study of the use of oil as fuel for the evap
ration of maple sap in an open pan evaporator was
reported by Philips and Homiller (79). Th y
showed that commercial maple sap evaporato
fired with oil have an efficiency of 66 to 74 per-

cent. Their data were obtained with a smaller-
than-average evaporator; larger evaporators
would be expected to be slightly more efficient.
The efficiency of the open pan evaporator com:
pares favorably with commercial steam generat-
ing plants, for which a combustion efficiency of
80 percent is considered good.

he efficiencies obtained by Strolle and others
(100) in evaporating 45 to 55 gallons of 3°-Brix
sap to standard density sirup are given in table 6.
These data indicate that efficiency decreases as the
rate of sap feed (gallons of sap evaporated per
hour) increases and that oil cost per hour also
increases. However, from further calculations and
rough extrapolations the data in table 7 were
obtained.

These data show that sirup production increases
as the amount of fuel burned increases. The in-
crease in cost of fuel per gallon of sirup is slight
and is more than compensated for by the improve-
ment in the grade of the sirup and the reduction
in evaporation time and cost of labor.

The maximum efficiency that could theoretically
be obtained from an oil-fired evaporator would
utilize all the British thermal units (B.t.u.’s) of a
gallon of oil. This heat would raise the tempera-
ture of the feed sap to its boiling point and then
vaporize the water in the sap to steam. Assum-
ing that the temperature of the sap is 35° F. and
its boiling point is 210°, the heat (Bt.u’s) re-
quired to evaporate 344 gallons of sap with a

TaBLe 6.—Eficiency of oil-fired ewperimenta’
evaporator in_evaporating sap of 3° Brix t
standard-density sirup

Sap evaporated per hour Oil burned | Efficiency
: (gallons) per hour
Gallons Percent
45 o _____ 3.9 74
50 . 4.7 69
85 . 53 66

TasLE T.—Extrapolated efficiency of oil-fired

evaporator
Cost of | Time
Sap 0il oil per |required
evapora- | burned | Sirup | gallon to Effi-
ted per per made | of sirup | evapo- | ciency
hour -hour |per hour| pro- |rate 550
(gallons) duced | gallons
of sap
Gallons | Gallons | Dollars | Hours | Percent
65 ______ 6.7 2. 36 0. 43 85 59. 6
60.______ 6.0 2.18 .41 9.2 62. 6
55 _____ 5.3 2. 00 .40 10.0 66
50.______ 4.7 1. 82 . 39 11.0 69
45 _____. 3.9 1. 64 .36 12. 2 74




density of 2.5° Brix to yield 1 gallon of standard-
density sirup can be calculated. Knowing the
‘B.t.u’s of No. 2 fuel oil (139,000), the number of
‘gallons of oil required to produce this gallon of
sirup at maximum efficiency is 2.2 gallons.
no oil burner is 100-percent efficient, and| oil-fired
evaporators are only 60- to 75-percent efficient, the
fuel required per gallon of sirup is 3+ gallons
of oil.

To measure the efficiency of burners, ar
evaporators, a number of factors must be
obtained. These are:

(1) The Briz value of the raw sap.—Fpr exam-
ple, only half as much water is evaporated from
3°-Brix sap as from a 114°-Brix sap [to make
standard-density sirup. Therefore, other things
being equal, it would require only half asmuch o1l
to make sirup from 3°-Brix sap as from 1}4°-Brix

hes, and
arefully

sap.

I22) Temperature of sap—The tempe
the sap as it enters the evaporator must
since a great deal of heat is required just to heat
the sap %Ir'om its storage temperature to its boiling
temperature. Therefore, the warmer the sap, the
less oil required to heat it to boiling.

(8) The Briz value of the finished sirup.—All
too often the exact Brix value of the finished sirup
is not considered in making efficiency studies. Yet
a difference of only a few tenths of 1°|in Brix
value has a pronounced effect on the number of
gallons of sap that must be evaporated to produce
the sirup.

For cost accounting records, most producers will

}ind that merely to divide the numger of gallons
of sirup made by the number of gallons of oil
burned will give the fuel costs per gallon of sirup.
These data should not be considered an |estimate
of the efficiency of the oil-burner installation.

The cost of fuel oil can be kept low by contract-
ing for it through competitive bidding. [The heat
(B.t.u.’s) produced by one cord of woaqd is ap-
proximately equivalent to that produced by 175
gallons of oil. Based on 15 cents per g
oil, the wood would have an equivalent |value of

many variables, such as condition of the
of the individual pieces, how it is fired,
of the fire, and stack height.

¢ondition

Summary

(1) Wood

(a) Use only well-seasoned dry wood. either
cord orslab.

(b) Keep a steady fire.

(c¢) Fire first on one side of the firebox, then on
the other.

(d) Keep the fire doors open only long enough
to charge the firebox.

(e) Open the dampers and draft doors only

enough to furnish the air for combustion. -

(2) 0d
(a) Oil is recommended if there is a shortage of

labor.
(b) The firebox and arch must be specially

uilt.
(¢) The cost of fuel for making sirup is ap-
proximately the same for o1l and wood.
(3) Increase the capacity of the evaporator
through the addition of one or more sap or
flue pans.
(4) Mount the supplemental pans on their indi-
vidual arches. '
(5) Hook up the supplemental arches in series
with the evaporator.
(6) Use a finishing pan.

MAPLE SIRUP

The characteristics of maple sirup are discussed
here so that the development of color and flavor
will be better understood.

Composition of Sap and Sirup

Table 8 gives the composition of maple sap and
sirup. The analyses in this and later tables are
not average values; they are analyses of typical
saps and sirups. Usualf’y the sirup and sap have
essentially the same composition, except that on
an “as is” basis the constituents of the sirup show
a thirtyfold to fiftyfold increase as a result of
concentrating the sap to sirup. The amounts of
some of the constituents, when expressed on a dry-
weight basis, are less in sirup than in sap because
of td eir removal from solution as insoluble sugar
sand.

The different kinds of sugar in maple sap are
not numerous (83). Sucrose, the same sugar as
in cane sugar, comprises 96 percent of the dry
matter of the sap and 99.95 percent of the total
sugar (table 9). The other 0.05 percent is com-
posed of raffinose together with three unidentified
oligosaccharides. Unfermented sap does not con-
tain any simple or hexose sugars.

The sap contains a relatively large number of
nonvolatile organic acids (table 10), even though
they account for only a small proportion of the

TaBLE 8.—~Composition of maple sap and sirup*

Sap Sirup
Item Sap (dry (dry
weight) | weight)
Percent | Percent | Percent
Sugars. .- 2.00 97.0 98.0
Organic acids_.____________ . 030 1.5 .3
Ash_ . .014 .7 .8
Protein_ __________________ . 008 4 .4
Unaccounted for_._________ . 009 4 .5

1 Typical values, not averages. Maple sap and sirup
vary in composition between rather wide limits.



solids (87). The concentration of malic acid is
10 times that of other organic acids. It may prove
to be useful in detecting adulteration (140). |One
or more of these acids may be important in form-
ing “maple flavor.” Sap contains soluble lignin-
like substances that are involved in the formaltion
of maple flavor (105).

The ash or mineral matter (table 11) accounts

for only 0.66 percent of the whole sirup, or 1

TasLE 9.—Sugars in maple sap and sirup 1

Sap Sirup
Sugars Sap (dry (dry
weight) | weight)
. Percent | Percent | Percent
Hexoses._._______________ 0 0 0-12
Suerose__._________ 7" 1.44 96. 00 88-99
Raffinose and a glycosyl
sucerose...______________ . 00021 .014 |_____ I
Oligosaccharides: 2
| . 00018 L013 |_____ Lo
. . 00020 .014 |_____ Lo
mo__ 7T . 00042 .028 |_____ Lo

! Typical values, not averages.
? The oligosaccharides have been isolated by chromatpg-
raphy but have not been identified.

TabLe 10.—Nonwolatile orgamic acids in maple
sap and sirup*

Sap Sirup
Acid Sap (dry (dry
weight) | weight)
Percent | Percent | Percent
Malie.____________________ 0. 021 1. 40 0. 141
Citrie.______________""°°°° . 002 .13 . 0ll5
Sueeinie_..____________777° . 0003 .02 . 012
umaric. . ________________ . 0003 .02 006
Glycolic or dihydroxybutyric.| . 000 . 00 006
Unidentified acids:
LILILIV ___________ Trace | Trace Trace
VvV vir__________ " 0 0 Trace

! Typical values, not averages.

™

TaBLE 11.—Mineral composition of maple sap

T
Item Sap Dry weight
Percent Percent

Solubleash_.___________ = 0. 38 0. 58

Insoluble ash_________~ """~ .28 .42

Totalash____________ ) .66 1.00

Potassium-________________ .26 .40

Caleium_____________""°°°° .07 .11

Silicon oxide.___________ 7~ .02 .03
anganese..._____________ . 005 . 008
odium._______________"°°° . 003 . 005
Magnesium._________ """ Trace Trace

! Typical values, not averages.

percent of the dry solids. Although the minerals
are only a minor part of the sirup, they have been
useful in establishing the purity of maple sirup
and they contribute an astringency to the sirup
that many find desirable,

Calcium, a part of the ash, is responsible for
the sugar-sand scale, calcium malate, which forms
on the pans (76). The low sodium and high po-
tassium content of the ash suggests the use of
maple in dietary foods. ‘

Composition “of sugar-sand ranges as follows

.

Range
Sugar sand in run 0.05- 1.42
pH__________ T TTTTTC 6.30- 7.20
Ca____________ T 0.61-10.91
Koo do____ 0.146-0. 380
Mg I do____ 0.011-0. 190
Mn____________ 777" 0.06- 0.29
P . 0.03- 1.18
Fe _______ 38-1, 250
Cu 7- 143
. 3.4 23
. 0.17- 2,46
............. percent 0.07- 0.37
Total malicacid_________ .. do____ 0.76-38.87
Acids other than malic________ .~ --do____ 0.08- 2.62
ndetermined material_____________ do____. 6.94-34. 16
Calcium malate_________ " T777°" do____ 1.30-49.41
Sugars in dried samples__________ " do____ 33.90-85.74
Sugar sand in dried samples________ do.___ 14.26-66. 09

The nitrogenous matter constitutes only a small
part of the total solids (80).4 Expressed as nitro-
gen, the sap contains only 0.0013 percent and the
sirup 0.06 percent. The sap does not contain any
free amino acids excapt late in the sap-flow sea-
son. Nitrogen occurs only in the form of peptides.
Whether the nitrogenous matter enters into the
formation of maple color or flavor is an open
question. An increase in free amino acids is as-
sociated with the development of “buddy sap.”

Color and Flavor

Maple sap as it comes from the tree is a sterile,
crystal-clear liquid with a sweet taste. None of
the brown color or flavor that we associate with
maple sirup is in the sap. This is easily demon-
strated by collecting sap aseptically, freezing it,
and then freeze-drying it. The solid obtained is
white or very light yellow and has only a sweet
taste. The typical color and flavor of maple sirup
are the result of chemical reactions, involving
certain substances in the sap, brought about by
heat as the sap boils (137 ). Since at least one of
the products of the reaction is the brown color, it
is known as a browning reaction. Neither the
exact nature of this reaction nor the identity of
the reacting substances is known. Indications are
that one or more of the 6 sugars or their degrada-
tion products and one or more of the 19 organic
acids in maple sap are involved in the browning

. reaction.

* Also unpublished data of Eastern Utilization Research
and Development Division, Agricultural Research Service.



Experimental evidence indicates that the color
and flavor of maple sirup are related [to triose
sugar (46, 46, 47, 106, 107, 108, 110, 136). These

;sugars are not constituents of sap when|it comes
" from the tree but are formed as a result of the two

reactions shown in chart 14. Evidence also in-
dicates that the phenolic ligninlike substances of
maé)le sap are intermediate in the flavor reactions
and may account for the specificity of maple
flavor (105).

The amount of invert hexose sugars is directly
Eroportional to the amount of fermentation that

as occurred. The first reaction is the bacterial
or enzymatic hydrolysis of the sucrose|to form
invert sugar, a mixture of fructose and| dextrose
(chart 14). The second reaction is the alkaline
degradation of the fructose and dextrose to trioses
(89). The second reaction occurs while the sap is
boiling in the sap pan, where the alkalinity of the
sap reaches a pH of 8 to 9. These trioses are
highly active chemically. They can combine with
themselves to form color compounds, and they can
react with other substances in the sap (such
as organic acids) to form the maple flavor
substances (77).

Experiments have established that up to a point
the amount of color formed is proportional to the
amount of flavor formed. This makes if possible

FORMATION OF TRIOSES
FROM SUCROSE

HYDROLYSIS OF SUCROSE

FERMENTATION (HEXOSES)
C,z tholl :Cs quOs + CGHzos
(SUCROSE) 5;‘5;&‘&;'& (6LUCOSE) (FRUCTOSE)
FISSION OF HEXOSES
TRIOSE I GLUCIC ACID
HC=0 H(II'O
H¢=0 HCOH +OH™ HCOH + IH0
H?OH HOCH HC=0
HOC
——+ ALKALI FISSION
H(‘:OH
HCOH HCOH H
H,COH HCOH + H' HCOH + 1,0
H,COH C'=0
CHj
TRIOSE I ACETOL

Chart 14.—~Chemical reactions showing the formation of trioses
from the sucrose of sap. In the first reaction, 1|molecule of
sucrose is hydrolyzed by enzymes to yield 2 molecules of hexose
sugars. Un the second reaction, these hexoses arg broken by
alkaline fission into trioses.

to evaluate flavor in terms of color, a measurable
quantity. When the point is reached at which the
background flavor “caramel” begins to be notice-
able, this relation no longer holds.

The identity of the true flavor substance of
maple has proved to be elusive. This is because
(1) it exists in very small amounts (in the order
of only a very few parts per million in sirup) ; and
(2) its chemical character is so similar to carbo-
hydrates that it defied separation from the sugars
(111). New and specialized techniques have made
this separation possible, and one of the three major
components has been identified as syringaldehyde
(105). This compound is no doubt one that causes
maple flavor to be a specific property of the maple
tree, because it contains the syringal group, which
is also specific to the lignins of the mapie tree.
The soluble precursor of syringaldehyde that
exists in maple sap is still a subject of intensive
researcl..

Factors that control color and flavor are: (1)
Amount of fermentation products in the sap (67) ;
(2) pH of the boiling sap; (3) concentration of
the solids (sugars); (4) time of heating (time.
necessary to evaporate sap to sirup); and (5)
temperature of the boiling sap (4, 739). The two
most important factors are the time of heating
and the amount of fermentation products in the
sap (139). The temperature of the sap under at-
mospheric pressure (open pan) boiling is fixed,
and nothing can be done about it. Neither can
anything be done about changes in pH of the
boiling sap. At the beginning of evaporation, the
natural acidity of fresh sap is lost and the sap be-
comes alkaline. It is during this alkaline phase
of the pH cycle that hexose sugars, if any are pres-
ent, undergo alkaline degradations. The sap then
remains alkaline until sufficient organic acids are
formed by the decomposition of the sap sugars to
make the sap acid again.

The longer the boiling time, the darker the
sirup ; and, conversely, the shorter the boiling time,
the lighter the sirup. During evaporation, the ef-
fect of the boiling-point factor increases as the
solids concentration of the sap increases. The re-
lation between the amount of hexose sugars (in-
vert sugar) produced during the fermentation of
the sap and the length of time the sap is boiled is
of the greatest importance. Thus, the color and
flavor of sirup made in exactly the same boiling
time from a series of saps of equal solids concentra-
tion (Brix value) but with increasing amounts of
invert sugar will be progressively darker and
stronger. The stronger maple flavor, however, is
usually masked by the acrid caramel flavor. Al-
though flavor and color are formed because of
exothermic chemical reactions, the amount of
flavor that can be produced is limited by the con-
centration of the sap-soluble lignaceouslike mate-
rials that are probable flavor precursors. Indica-
tions are that there are sufficient of these flavor
percursors in sap to permit forming a product that



is from 15 to 30 times richer in maple flavor than is
commercial “pure maple sirup” (143). These
Erecursors can be utilized to increase the flavor
y subjecting the sirup to higher temperatures.
This method is used in preparing high-flavored
maple products, described later.

Buddy Sap and Sirup

As the maple tree comes out of dormancy, p
lological changes in the tree form constituents in
the sap which, when boiled, give off a noxipus
odor and impart a characteristic, unpleasant flavor
to the sirup. This noxious odor is most noticeable
in sap obtained from trees whose buds have swelled
or burst during a Eeriod of warm weather; and
sirup made from this sap is said to have bu y
flavor. Due to the unseasonably warm weatherin
1963, buddy sap was produce early in the
season. Because of this, much of the crop was not
harvested in some areas. Although the trees may-
not have come far enough out of dormancy to cause
the buds to swell, they may have come out enough
to produce the unwanted flavor. The formatibn
of this buddy substance is accompanied by an in-
crease in the free amino acids in the sap. Whether
this parallel increase in free amino acids is in-
volved in the formation of buddy flavor remains to
be determined. ;

Often some trees in a sugar grove “bud” earlier
than the rest. These trees should be identified arjd
marked so that their sap will not be collected late
in the season. To combine the sap from trees that
have budded with that from the other trees would
spoil the entire lot of late-season sap.

The practice of treating the taphole with ger-
micidal pellets will cause the sap to flow late i
the season and when the tree is far enough out of
dormancy so that the sap is buddy.

Test for Buddy Flavor

It is essential that sap produced during or fol-
lowing a warm spell or from trees whose buds
have swelled be tested for buddiness.

The best and simplest test is easily perform
by bringing 14 cup of the sap or sirup to be test
to a boil and sniffing the steam. If the budd
flavor substances are present, they can be detecte
in the steam. The sap or sirup can be heated wit]
an electric immersion-type heater used for makin
instant coffee. This test is subjective, and th
buddy odor may not be strong enough to be easil
recognized by some people.

Another test that is applicable to sirup and no
subjective has therefore been developed. This tes
involves the chemical test for amino acid group
whose presence in sap parallels buddy flavor for
mation (104).

To make the test the following equipment, is
needed :

A 1-ounce (30 ml.) screw-cap bottle to hold the
standard amino nitrogen solution.

A box of wooden toothpicks.

Test papers—filter paper cut into 15- x 4-inch
strips.

The following reagents should be used :

Standard amino nitrogen solution. This is made
by dissolving 5 grams of leucine (an amino
acid) in 30 milliliters of water, (Place 1 lewvel
teaspoon of leucine in the 1-ounce bottle and
fill it to the neck with water.)

Ninhydrin spray. This is commercially avail-
able as an aerosol spray.

The test should be made as follows:

Sl) To a small volume of the sirup to be tested,
add an equal volume of water and mix thoroughly.

(2) With a pencil make three dots 1 inch apart
down the center of the test strip, 1 inch from either
end. Label X, S; and W.

(3) Holding a toothpick in a vertical position,
dip the broad end into the diluted sirup and trans-
fer a drop to the pencil dot at the top of the paper,
labeled X.

(4) Using fresh toothpicks, transfer a drop of
the standard amino nitrogen solution to the dot at
the center of the paper labeled S, and a drop of
water to the dot at the bottom labeled W. The size
of the wetted spots should be about the same, '

(5) Lay the paperon a clean, dry surface (piece
of filter paper) and allow the spots to dry at room
temperature.

(6) Spray the entire paper strip with the nin-
hydrin reagent. Wet the paper thoroughly but not.
enough to cause the reagent to run.

(7) Dry thesprayed paper at room temperature.

(8) Heat the paper at a temperature of 175°
to 195° F. for approximately 1 minute to hasten
development of the color. The lid of a boiling
kettle or other moderately hot surface will suffice,
(From 1 to 2 hours will be required for the color
to develop at room temperature. )

(9) Development of a violet color constitutes
a positive test and indicates that the sap is buddy.

The standard amino nitrogen solution is used to
indicate that the ninhydrin reagent is reacting
properly to give violet color with amino com.
pounds.

Ninhydrin reagent is a very sensitive stain.
Care must be taken to keep the paper test strips
clean. Handling the test strip with forceps, espe-
cially after staining, will prevent fingerprints
which could produce false-colored spots. The
papers are best sprayed by hanging them in an
open cardboard box to prevent discoloration of
other objects by the ninhydrin spray. The nin-
hydrin reagent is not stable and should be re-
placed at least every 6 months. Always start with
a fresh supply of the reagent at the beginning of
each sirup season.



OReclaiming Buddy Sirup and Sap

Many sirupmakers make buddy sirup [from the
late runs of sap. Although this practice should

not be encouraged because of the very low price

commanded by buddy sirup, it is made—often un-
knowingly. Since appreciable amounts of buddy
sirup are produced, a method has been developed
to salvage it.

Buddy sap and buddy sirup can be treated to
remove their unpalatable buddy flavor (723, 12}).
For sirup, the process consists of heating the sirup
to a full, rolling boil ; pasteurizing it ; and then di-
luting it with three volumes of water|to each
volume of sirup to yield a dilute sirup with a den-
sity of ap;i)rommately 20° Brix. The water used
must also be pasteurized by boiling. The heated
sirup and water are cooled (below 70° [F.) and
%laced in a sterile tank. To the dilute sirup (20°

rix) a previously prepared culture of | Pseudo-
monas geniculata 1s added. The mixture i
mented 24 to 48 hours at room temperatu
the cultured sirup is evaporated to a density of
66° Brix. :

The organism used in this fermentation increases
maple flavor (732). The resulting sirup not only
will be free of buddy flavor but also will have a
stronger maple flavor and a darker color than the
original. It is classified as commercial grade, for
which there is a good market. It is suitable for
making blended maple sirups.

Buddy sap is treated in the same way except that
it is first concentrated to a density of 20°
then fermented.

Rules of Sirupmaking

The following rules should be followed in
sirupmaking :

(1) If possible, test all sap for buddiness; but
especially test that produced late in the spring or
following a warm spell.

(2) If thesap is buddy, remove the buddy flavor
precursors by fermenting the sap with a cylture of
Pseudomonas geniculata.

(8) Do not use fermented sap. To keep the sap
from fermenting, collect it often. Do not allow
it to stand in the buckets or tanks, and keep it cold.
If there is a small flow of sap that does not war-
rant collecting, dump it. At least once during the
season, wash the sap-gathering equipment (buck-
ets, pails, and tanks) and sanitize the equipment
with a 10-percent hypochlorite solution.

(4) Do not use buddy sap. But if buddy sap
is used or buddy sirup is made, remove the buddy
flavor by fermentation.

(5) Handle the sap as quickly as possible. The
sooner sap is evaporated after it has been gbtained
from the tree, the higher the grade, and the lighter
the sirup that will be produced. The faster sap
is evaporated to sirup, especially during the last
stages of evaporation when the solids concentra-

rix and .

tion is highest, the lighter the color and the higher
the grade of the sirup.

(6) Keep sap and equipment clean. Cleanli-
ness is a must in maple sirupmaking for, aside
from its esthetic aspects, cleanliness is the only
way to control microbial contamination and sub-
sequent growth in the sap. Sirup made from sa
in which growth of micro-organisms has occurr
tends to be dark colored and low in grade.

(7) By means of a hydrometer or other suitable
instrument, measure and record the sugar content
of the sap produced by each tree and also the sugar
content of each batch of sap in the storage tanks.

(8) Storesap in a cool place.

(9) Store sap in tanks exposed to daylight (not
necessarily direct sunlight).

(10) Cover the tanks with material transparent
to ultraviolet radiation, such as clear plastic.

(11) Provide tanks having opaque covers with
germicidal lamps.

Grades of Sirup

It is generally believed that the best sirup is
made early in the season during the first and sec-
ond runs of sap. However, this is not necessarily
true, as was demonstrated in 1954 when sirup made
early in the season was darker than some made
later. The important factor is the atmospheric
temperature. arm weather favors microbial
growth, and the byproduct of this growth—invert
sugar—affects the color and grade of the sirup. It
is only coincidental that the weather is usually
cooler at the beginning of the season and microbial
growth is low.

Sap that is essentially sterile contains very little
invert sugar and will usually produce a light-
colored, light-flavored, fancy sirup. Sometimes,
as in 1954, the weather at the onset of the season is
warm, and fermentation occurs. The resultisthat
the first-run sirup is darker than expected. If
conditions are reversed later in the season, fancy
sirup will be produced, for with cold weather little
or no fermentation of the sap occurs.

Making light-colored sirup with sterile sap that
is very low in invert sugar does not test a sirup-
maker’s skill. However, skill is required to pro-
duce light-colored sirup from sap rich in invert
sugar (with a high microbial count). Thisskill is
actually a measure of how fast the sirupmaker can
evaporate the sap to sirup.

Sirup can be darkened—changed from U.S.
Fancy to U.S. Grade A, or from U.S. Grade A to
U.S. Grade B, etc.—by prolonging the heating of
the finished sirup. If a finishing pan is used, it
should be covered immediately when the sirup
reaches the correct density. The heat should be
reduced to maintain an insipid boil until the de-
sired color is obtained. Adding 14 cupful of U.S.
Grade C sirup for every 2 gallons of sap will
hasten the darkening process.



Summary

(1) Maple sap and sirup contain only sugar,
tein, organic acids, ash, and less than 2 percent
of material not accounted for but which is of
great importance because it includes the
and the flavor substances.

§2) Sterile maple sap has neither color nor flayor.

3) Experimental evidence indicates that |the
color and flavor in maple sirup are related to
triose sugars, organic acids, and solyble,
ligninlike substances.

(4) Factors controlling the formation of colorand
flavor include fermentation, pH, solids ¢con-
centration, length of boiling time, and the hoil-
ing temperature of the sap.

(5) The shorter the boiling time, irrespective of
the quality of the sap, the lighter the color of
sirup produced.

(6) For best sirup—

§a) Use sap that has not fermented.

b) Use speed in collecting and in evapo-
rating the sap.

¢) Keep equipment clean.

d) Know the initial Brix value of the sap.

(') Higher grades of sirup are usually produced
earlier in the season than later on, {ecaus the
early season temperatures are usually lower
and there is less chance of fermentation.

(8) Sirup that is too light can be darkened by
heating the finished sirup.

CONTROL OF FINISHED SIRUP

Finishing the sirup is one of the most exacting
tasks in maple sirupmaking. The sirup must be
drawn from the evaporator or finishing pan at [just
the right instant; otherwise, its solids content
(density) will be either too high or too low. | To
conform with minimum Federal and State require-
ments, sirup must have a density of not less than
65.46° Brix at a temperature of 68° F. At this
density, a little more or a little less evaporation has
a relatively large effect on the concentration (table
12). Hence, when using large evaporators capable
of evaporating several hundreds of gallons of
water per hour, accurate control of the sirup bei
drawn off is both important and exacting.

Viscosity of Maple Sirup

Maple sirup having a density of only 0.5° tp 1°
Brix below standard-density sirup tastes thin.

This is due to the big change in the viscosity of’

sugar solutions caused by only a slight changp in
concentration, especially in the range of standard-
density sirup.

Table 13 shows that an increase in the sugar
concentration of sucrose solutions up to 30° Brix
has little effect on viscosity. For example, a so-
lution with a density of 20° Brix at room tempera-
ture (68° F.) has a viscosity of 2.3 centipoises jand

TasLE 12.—Boiling temperature above that for
water for solutions of different concentrations

of sugar

Temperature Sugar Temperature Sugar
elevation, ° F. | solutions elevation, ° F. | solutions
Percent Percent

0.0 ______ 0.0 5.0._________ 59.7
02 __________ 7.6 5.2 _____ 60. 4
04 __________ 13.8 || 5.6 _______ 61. 5
0.6 ______ 19.0 || 5.6 ______ 62. 0
0.8 . ______ 23.4 || 5.8 ________ 62. 5
1.0 _____ 27.1 || 5.9 ______ 62. 9
1.2 __ 30.3 || 6.1 - ________ 63. 4
14 ____ 33.4 | 64 __________ 64. 4
1.6 _______ 36.0 | 6.6___________ 64.9
1.8 . 384 69.__________ 65. 6
2.0 40.5 || 7.0 ______ 66. 0
2.2 . 42.5 || 7.8 o______ 66. 5
24 . 44.3 || 7.5 _____ 67.0
2.6 . ______ 46.0 (| 8.0 ________ 68. 0
2.8 . 47.7 || 8.2 ____ 68. 5
3.0 . 49.0 (| 8.5.________ 69. 0
3.2 . 50.4 )| 88 __________ 69. 5
34 . 51.6 || 9.1 ______ 70.0
36 ____. 52.8 | 9.5 _______ 70. 5
3.8 . 53.9 1199 __________ 71.0
4.0 __________ 54.9 || 104__________ 71.6
4.2 __________ 55.9 || 10.7__________ 72.1
4.4 __________ 56.9 (| 11.1_______:__ 72. 5
4.6 _____ 57.8 | 11.5________ 73.0
4.8 . 58.8 | 12.0._________ 73. 5

at 30° Brix only 3.2 centipoises. However, as the
concentration of the sugar increases, the viscosity
increases at an extremely rapid rate. Thus, to
treble the sugar concentration from 20° to 60°
Brix increases the viscosity from 2.3 to 44 centi-
poises—more than a nineteenfold increase.

The change in viscosity is even more pro-
nounced in sucrose solutions with densities in the
range of standard sirup (65.5° Brix).

As shown in the tabf)e, the viscosity of sirup at
room temperature (68° F.) is lowered 17.1 centi-
poises if its density is only 14° Brix below stand-
ard density. It is lowered 54 centipoises if it is
1° Brix below standard density. The lowered
viscosity has a marked adverse effect on the keep-
ing quality of the sirup and on its acceptance by
consumers. The tongue is extremely sensitive to
these differences.

The tongue is also sensitive to slight increases
in the density of sirup above 65.5° Brix at room
temperature. An increase of only 0.5° Brix above
standard density increases the viscosity of sirup
18 centipoises; and the sirup acquires a thick,
pleasant feel to the tongue. Thus, the thicker the
sirup, the better it tastes. However, sirup with a
density of more than 67° Brix crystallizes on
storage at room temperature; 67° Brix, therefore,
becomes the upper permissible density.



Since sirup that has a density between 66° and
67° Brix at a temperature of 68° F. tastes best,
it is recommended that sirup not be adjusted to
meet the minimum density (65.5° Brix) but rather
ithat it be adjusted to a higher Brix so long as it is

“below 67°.

Effect of Temperature on Viscosi

As the temperature of a sugar solution increases,
its viscosity drops sharply. Standard-density
sirup at its boiling point has a viscosity of less than
6 centipoises, which is only one twenty-sixth that
of sirup at room temperature; that is why sirup
filters so much better when it is at or near jts boil-
ing point. Likewise, the viscosity of boiling sirup
with a density between 50° and 60° Brix is ap-
proximately one-half that of standard-density
sirup; and that is why it is advantageous to filter
sirup just before it is transferred to a finishing
pan, when its density is approximately 60° Brix
or less.

This lowering of the density by heating sirup
explains why hot sirup, even though it is of stand-
ard density, tastes thin and watery.

Old Standards of Finished Sirv

In the past, the finishing point of sirip was
determined by a number of methods. None of
these methods was precise, and their skillful use
was an art. For that reason, comparatively few
men won the enviable title of “sugarmaker.”

TaBLE 13.—Viscosity of sucrose solutions pf various densities (° Brix) at temperatures of 20° C. (68°
) [to 105° C. (221° F.)*
Viscosity (centipoises) at—
Density
of solution
(° Brix) 20° C. | 30° C.| 40° C. 50° C.|| 60° C. | 70° C. | 80° C. 90° C.2 |100°C.2[103.5°C.2 105° C.?2
(68° F.)|(86° F.)[(102.4° F.)|(122° F, (14Q° F.)[(158° F.)|[(176° F.)[(193.8° F.)|(212° F.)|(218° F.)|{(221° F.)
20 . 23| L5 1.2 1.0 0.8 0.7 0.6 | oo
30 3.2 2.4 1.8 - 1.5 1.2 1.0 JAK ¢ 2 SRS PRSI PIRR I
50 o __ 15. 3 10.1 7.0 5.0 3.8 2.9 2.3 1.8 1.6 1.5 1.5
60 - 44. 0 33. 8 21. 0 14. 0 9.7 7.0 5.2 4.4 3.6 3.4 3.4
61 .- 69. 2 39.3 24.1 15. 8 10.9 7.6 57 4.7 3.8 3.6 3.5
62 . 82. 4 46. 0 27.8 17. 9 12. 2 8.6 6. 4 50 4.1 3.9 3.8
63 .- 99.1 54. 3 32.3 20. 5 13. 8 9.7 7.1 5.6 4.6 4.3 4.2
64 ________ 120. 1 64. 5 37. 7 23.7 15.7 10.9 7.9 6. 3 5.1 4.8 4.7
65 - 147. 2 77. 3 44. 4 27. 5 17.9 12. 4 8.8 7.0 58 5.4 53
655 _______|?164.3 | 285.4 248.5 | 299.8 | 219.3 | 213.2 29.3 7.4 6.2 5.8 57
66 ._____ 182. 0 93. 5 52. 6 32.1 20. 6 14.1 9.9 7.8 6.6 6. 2 6.1
67 227.8 |1 114.1 62. 9 37. 7 19. 4 16.1 11,3 | oo e e
68 288.5 | 140.7 76. 0 44. 7 22. 6 18.4 12,8 | oo oo
69 ______ 370.1 | 175. 6 92. 6 53. 3 26. 3 21. 4 147 | oo oo e ee o
70 481.6 | 221. 6 1140 | 64. 4 31.0 25.0 16, 8 | oo
5 ll Bgseci 3;18data from Circular C440 issued by the National Bureau of Standards, U.S. Department of Commerce, issued
uly 31 .
2 Valﬁes obtained by extrapolation by the author.

Typical of these methods was the “blow” test.
In this test, a small loop of wire was dipped into
the boiling sap. When the film that formed
across the loop required a certain puff of breath
to blow it off, the sirup was considered finished.
Another method more commonly used was the
“apron” test. In this test, a scoop was dipped
into the boiling sap and then held in an upright
position to drain. Formation of a large, thin
sheet or apron with the right shape and other char-

-acteristics indicated that the sirup was finished.

Use of Precision Instruments

Precision instruments are now available by
which the finishing point of sirup-can be deter-
mined easily and with a high degree of accuracy.
As concentration progresses, there is a progressive
increase in the boiling point, in density, and in
refractive index. These can be measured accu-
rately and precisely with a thermometer, a hy-
drometer, and a refractometer, respectively.
However, only the elevation of the boiling point is
applicable to a sugar-water solution, such as sap,
while it is actively boiling.

Elevation of Boiling Point

Chart 15 and table 12 show the changes in
boiling-point temperature for sugar solutions at
different concentrations. When a sugar solution
has been evaporated to the concentration of
standard-density sirup (65.46° percent of sugar,



| |

10— -
L8 | ]
- 7.4°F +1.25 B.
g 6.9°F 65.5 B.—>
2 64°F - 1.25 B.
© gl— —
w
a
s
w
l—
W
(o] 4 \— —
2
3
-
<
>
w ]
42

o) § ‘ L : |

0 20 40 )

SUCROSE CONCENTRATION (PERCENT)

Chart 15.—Curve showing the relation between the concentration
of a sugar solution (sap) and the elevation of its boiling | point
above the boiling point of water.

or 65.46° Brix), its boiling point has been elevated
6.85° F. above the boiling point of water. | Be-
tween 0° and 27° Brix, there 1s only a slight eleva-
tion in boiling point. However, as the solution
nears the concentration of standard-density sirup,
a change of only 2.5 percent in sugar concentration
(from 64.5° to 67° Brix) raises the boiling point
1°. Hence, the boiling point method of meas-

uring sugar concentrations is ideally suited to
sirupmaking.
Any Fahrenheit thermometer calibrated in de-

ree or half-degree intervals and with a range|that
includes 225° F. can be-used. For greatest useful-
ness and acccuracy, the distances between degree
lines should be as open as possible and should be
calibrated in one-fourth degrees.

Elevation of the boiling point as used here means
the increase in temperature (° F.) of the boiling
point of the sugar solution above the temperature
of boiling pure water. It has nothing to do with
the specific temperature 212° F. except when the
barometric pressure is 760 millimeters of mercury.
Under actual conditions of sirupmaking, the baro-
metric pressure is seldom at 760 millimeters; there-
fore, it is best not to associate the fixed valye of
212° F. with the boiling point of water.

The recommended procedure is to establish the
temperature of boiling water on the day and at the
place sirup is being made. To do this, merely heat
water to boiling, msert the bulb of a liquid stem
thermometer or the stem of a dial thermometer,
and note the temperature while the water is actu-
ally boiling. This is the ¢rue temperature of boil-
ing water for the barometric pressure at that time
and place. In practice, the boiling sap in the sap
pan can be used to establish the temperature of
boiling water since, as was shown in chart 15, at
low-solids concentrations (up to 10° Brix) there
is little elevation of the boiling point. The boiling
temperature of standard-density sirup is then
found by adding 7° to the temperature of the boil-
ing sap.

1t is of the greatest importance to redetermine
the temgerature of boiling water (sap) at least
once and preferably several times each day, espe-
cially if the barometer is changing. A change in
the weather usually indicates a change in gr.o—
metric pressure. The result of failure to make
frequent checks on the boiling point of water is
illustrated in the following examples:

On March 1, at Gouverneur, N.Y., the boiling
point of water was determined to be 210° F., which
established the boiling point of standard-density
sirup as 217°. On March 2, the producer ne-
glected to redetermine the boiling point of water,
assuming it to be unchanged, and continued to use
217° as the boiling point of sirup. Actually, the
barometric pressure had fallen, which lowered the
boiling point of water to 208° and of standard-
density sirup to 215°. The sirupmaker, by using
the temperature of 217°, was boiling his sirup 2°
too high, and the sirup contained 69.5 percent of
solids nstead of 65.4 percent (chart 15). This
high-density sirup resulted in the production of
fewer gallons of sirup; and, in addition, the sirup
crystallized in storage, since it was above 67° Brix.

If, on the other hand, the reverse had occurred,
the sirupmaker would have made sirup with a
boiling point 2° F. too low. This sirup would
contain only 59.4 percent of solids as sugar. It
would not meet specifications for standard-density
sirup, would tend to spoil easily, and would have
a low viscosity and therefore would taste watery.

Therefore, with a good indicator to detect the
end point of evaporation (thermometer cali-
brated in 14° F.), together with the slowdown in
rate of evaporation, as shown in chart 16, the
sirupmaker is able to stop evaporation precisely
at the desired concentration. He can do this either
by drawing off the sirup from the evaporator or,
if he uses a finishing pan, by turning off the heat.

Finishing Pan

When a finishing pan is used, it is necessary to
know when the sap has been concentrated enough
to be transferred from the evaporator to the finish-
ing pan. This can be determined by measuring
the elevation of the boiling point of the partly con-
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Chart 16.—Change in the rate of loss of water by evaporation,
with constant heat, as the concentration of sap increases. Boil-
ing sap with an initial density of 22° Brix loses 42 grams of
water per minute, whereas sirup with a density of 65° loses
only 15 grams of water per minute, a threefold decrease in
rate. .

centrated sap. Table 12 shows the elevation of
the boiling temperature of sugar solutions (above
that for water) for concentrations from 0° to 73.5°
Brix.

To use the table, determine the boiling tempera-
ture of pure water and then observe the boiling
temperature of the partly evaporated sap. The
difference between the two boi ing points repre-
sents the elevation in boiling temperature.

Two examples of how to select a boilin
levation to give sirup of a desired
-° Brix) follow:

Ezample 1. A producer wantsto draw off sirup
from the evaporator at about 40° Brix. At what
boiling temperature should the sirup be removed if
water boils at 210° F. ¢

Table 12 shows that the boiling temperature is
elevated 2.0° F. for solutions having a density of
40.5° Brix. Thus, when the boiling temperature
rises to 212° F. (210°+2°), the sap will be con-
centrated to approximately 40° Brix.

Ezample 2. A producer wants to concentrate
the sap to 50° Brix in the evaporator before trans-
ferring it to the finishing pan. At what boiling
temperature should the sirup be drawn off if water
boils at 211.5° F. ¢

Table 12 shows that for solutions having a den-
sity of 50.5° Brix, the boiling temperature is 3.2°
F. above the boiling point of water. Thus,
211.6°+3.2°, or 214.7°, is the boiling temperature
of 50° Brix sirup.

point
ensity

Special Thermometers

In sirupmakir:f, a knowledge of the boiling
point of standard-density sirup in ° F. is impor-
tant providing a temperature reference point (the
boiling point of water) is established and the cor-

rect boiling point of sirup is located 7° above it.
On this basis, special thermometers have been de.
veloped for use in making sirup: The liquid-stem
thermometer with movable target, the liquid-stem
industrial thermometer, and the dial thermometer
with movable dial.

Target Thermometer

- The target thermometer does not have any mark-
ings on the stem. The degree lines on a movable
target refer to the boiling point of water rather
than to ° F., as on the conventional Fahrenheit
thermometer. ,

The target thermometer is calibrated by placing
the bulb in either boiling water or boiling sap.
The target is moved by means of an adjustin
screw until the line “water boils” coincides wit.
the top of the mercury column. The line “sirup”
is exactly 7° above the line “water boils.” This is
the boiling point of standard-density sirup for that
hour and place. After adj ustment, the thermom-
eter is placed in the sirup pan adjacent to the place
where the sirup is drawn off.

Unfortunately, any thermometer set in the
evaporator will be surrounded by steam, which
makes it difficult to read (fig. 91).

igure 91.—The target thermometer is placed in the boiling sirup.
The fine mercury column is difficult to see because of the steam.
The boiling sirup being tested must be deep enough to cover the
bulb of the thermometer. The thermometer must be in boiling
sirup and as close to the point of sirup drawoff as possible.



Use of a flashlight to illuminate the thermonjeter
and a large funnel to divert the steam makes view-
ing easier. The funnel is held with the tip toward
the thermometer, and the thermometer is vigwed
through the funnel with the aid of the flashlight.

Liquid-stem Industrial Thermometer

The liquid-stem industrial thermometer does not
have special markings or a movable target. |But
it does have an open scale—a lineal distance of ap-
proximately 8 inches for 1° F., which is al
three times that of other thermometers. It is cali-
brated in 14° and has a magnifying device.
features make it ideal for use in sirupmaking.
These thermometers can be obtained with the stem
bent at right angles and protected with
armour.

The right-angle thermometer is
through the wall of the sirup or finishing [pan
using a special fitting. This arrangement permits
the thermometer to %)e mounted high enough on
the side wall of the evaporator or finishing pan to
be above the level of the sirup so that the thermom-
eter can be removed for cleaning without loss of
sirup. It also locates the scale of the thermometer
at an obtuse angle for easy reading.

The thermometer is caf’ibmted each day in te]
of the boiling point of water. The bulb is |im-

Figure 92.—The liquid-stem industrial ther ter has_an gpen
scale that permits calibration marks for each V4 ° F. and| the
temperature of the boiling sirup can be measured precisely. |The
thermometer is mounted outside the pan so it is not obscured by

It is especially svited when the pan is covered with a
tight steam hood.

mersed in water, the water is brought to a boil,
and the temperature is noted. To this observed
temperature 1s added 7°, the temperature elevation
required to give the boiling point of standard.
density sirup (see table 15).

' Dial Thermometer

The degree lines of the dial thermometer (20),
like the target thermometer, refer to the boiling
lr;»oint of water (fig. 93). This thermometer has a

imetallic element in the first 3 or 4 inches of
the stem. As the indicator is a needle, the open-
ness of scale is governed by the length of the needle
and the accuracy required. The scale is twice as
open in a dial thermometer 5 inches in diameter as
in the target thermometer.

The dial thermometer is calibrated by immers-
ing the part of its stem that contains the bimetallic
element in boiling water or sap the same distance
that it is immersed in the sirup; when the indicat-
ing needle comes to rest, the dial is rotated by
means of an adjusting screw until the zero or water
boils line coincides with the pointer. Then the
sirup line is located 7° F. above the zero or water
boils line to indicate the boiling temperature of
standard-density sirup for that day and place.

The long straight stem of this t{lermometer is
inserted through the wall of the sirup pan and
sirup drawoff gox so it will be parallel to the bot-
tom of the pan and entirely immersed in the boil-
ing sirup. The dial of the thermometer is on the
outside of the evaporator where it is out of the
steam and is easy to read (fig. 93.)

Hydrometers

A hydrometer is not the ideal instrument for
judging the finishing point of sirup. It is not cali-
brated for use at the temperature of boiling sirup,
and it cannot be used to follow the concentration
of the sap continuously. For accuracy, the exact
temperature of the sirup being tested with the
hydrometer must be known so that the necessary
corrections can be made. However, the hydrom-
eter and refractometer are the only instruments
that can be used to measure the density of sirup
that isnot in an actively boiling state.

“Hot Test”

The “hot test” is often used to determine
whether the process of evaporating sap to sirup
is completed. It is made as follows:

Fill the hydrometer cup with boiling sirup from
the evaporator or finishing pan (fig. 94). Im-
mediately place the hydrometer in the sirup and,
as soon as the hydrometer comes to rest, make the
observed density reading. Perform all operations
as quickly as possible. If the observed hydrom-
eter reading is between 58.8° and 59.1° Brix, the
evaporation of the sap to standard-density sirup
is completed.

For best results with the hot test, the tempera-
ture of the hot sirup must be between 210° and



Figure 93.—The dial thermometer, like the target thermometer, has
markings to indicate O, water boils, sirup, soft tub, and cake
sugar. The dial thermometer, like the industrial thermometer, is
mounted on the outside of the evaporator.

218° F. at the moment the hydrometer reading is
made. To be sure that the sirup is in this tem.

erature range, first determine the temperature of
the hot sirup as follows :

Fill the hydrometer cup with boiling sirup.
Place the hydrometer and a thermometer in the
sirup. Then, instead of reading the hydrometer,
Ieasure the temperature as soon as the hydrom-
eter comes to rest, Repeat this procedure and, if
the two consecutive temperature readings are not
obtained in the range of 210° to 218° F., speed up
the operation until these temperatures are obtained
at the time hydrometer readings are made.

The hot test is not a precise measurement. It is
extremely difficult to make accurate hydrometer
and temperature readings at the same time in siru
that is hotter than 180° F. because the sirup is cool-
in%rapidly.

rom the time the hydrometer cup is filled with
boiling sirup until the observed hydrometer read-
ing is made, the sirup will have cooled several de-
The amount of cooling depends on the

Hydrotherm

The hydrotherm, a special hydrometer (chart
17), has a liquid thermometer built into it that
automatically locates the point on the hydrometer
(top of thermometer liquid column) for measur-

Figure 94.—Sirup at approximately 210° F, s used in making the
hot test. The hydrometer cUp is raised to eye level and the
reading is made as soon as the hydrometer comes to rest.

pansion of the thermometer liquid to lineal dis-
placgmen@ of the hydrometer stem by standard-

. n
sed, sufficient time must be allowed for the ther-
ometer of the hydrotherm to Warm or cool to the
temperature of tﬁe sirup, usually about 30 to 40

conds.
Since the hydrotherm is not calibrated, the scale
oes not indicate how much too dense or too thin

the sirup is.

Summary

1) Finished sirup must contain not less than 65.46

percent, of solids (65.5° Brix) at a tempera-

ture of 68° F.

4) Table sirup that is between 66° and 67° Brix

has the best taste. Table sirup that is below

standard density tastes thin,

(8) Use precision instruments to measure stand-
ard-density sirup,

(4) The boiling temperature of

density sirup is 7° F. above the temperature

of boiling water.

(5) Use a thermometer calibrated in 14° F. to

measure the temperature of boiling sirup.

(6) - Calibrate the thermometer frequently with

reference to the boilino naint af watnm
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Chart '17.—Hydrotherm for measuring density of sirup It
t tically p for temperature correction.

(7) Completely immerse in the boiling water or
sap tﬁe bulb of the stem of a liquid thermom-
eter or that part of the stem of a dial thermom-
eter containing the bimetallic element.

(8) To test hot sirup with a hydrometer, the tem-
perature of the sirup must be noted and neces-
sary temperature corrections applied to the

observed hydrometer readings. Hot sirup
(210° to 218° F.) of standard density is 58.8°
to 59.1° Brix.

(9) To test hot sirup with a hydrotherm, sufficient
time must be aﬁowed for the hydrotherm to
come to the same temperature as the sirup in
which it is floated.

CLARIFICATION OF SIRUP
Sugar Sand

Sirup as it is drawn from the evaporator con-
tains suspended solids, commonly known as sugar
sand. They are primarily the calcium and mag-
nesium salts of malic acid. These salts are precip-
itated because they become less soluble as the
temperature of the sirup solution increases and as
its concentration increases. Sugar sand occurs
in various forms, ranging from an amorphous
black, oily substance to a fine, white, crystalline
material. Dark sugar sand will usually cause the
sirup to appear a grade or two darker than normal,
whereas white sugar sand will often cause it to
appear lighter.

he amount of this precipitate in the sirup is
not always the same. ‘Sap from the same sugar
grove varies from year to year and even within the
same season.

Current studies at the Ohio (Wooster) Agricul-
tural Experiment Station,’ indicate that trees at
high elevations tend to produce more sugar sand
than do those at lower elevation. The Ohio
workers were not able to show any relation be: "
tween climatological data or soil types ana
amounts of sugar sand formed.

Sirup to be sold for table use must be. clear
(free of suspended matter) to meet Federal and
some State specifications. Sirup can be clarified
by sedimentation, filtration, or centrifugation.
gn the farm, sedimentation and filtration are the
methods generally used.

Sedimentation

Sedimentation or settling is the simplest method
of clarifying maple sirup, but it has several dis-
advantages. It cannot be used to clarify all sirup.
Some sirup contains suspended particles so fine
that they resist settling. Clarification by sedi-
mentation requires a long time—days and some-
times weeks. After settling at room temperature,
the sirup must be reheated to 180° F. before pack-
aging to insure a sterile pack. Thisreheating may
darken the sirup enough to lower its grade.

To clarify by sedimentation, the hot sirup is
first put through a coarse filter, such as several
layers of flannel or cheesecloth, to screen out large
particles of foreign matter. It isthen transferred
to the settling tank. The tank should be of non-
corrosive metal, and its height should be at least

® Unpublished data.



twice its diameter. It should have a dustproof
cover and a spigot or other means of drawing off
the sirup about 2 inches above the bottom of the
jtank. The sirup should be left in the tank until
samples that are withdrawn show it to be spar-
kling clear.. It is then drawn from the tank,
standardized for density, heated to 180°|F., and
packaged. Sirup that has failed to clarify after
several weeks of standing must be filtered. Be-
cause of the uncertainty of the sedimentation
method, it is rapidly losing favor.
- In large operations, the sirup can be kept sterile
if it is added to the settling tank while it is hot
(above 180° F.) and if the entire surface of the
sirup is continuously irradiated by germicidal
lamps.

Filtration

Filtration of maple sirup is not a simple proce-
dure. As with sedimentation, the success and ease
of clarifying sirup by filtration depends|on the
nature of the suspended particles that are to be
removed. It is best to use two filters—a prefilter
to remove the coarse material and a thicker filter
to remove the fine. Inthe past, the most commonly
used prefilter was several layers of cheesecloth,
outing flannel, or similar cloth. Today,|a non-
woven rayon material called miracle cloth or
maple prefilter paper is used with considerable
success. After prefiltering, the sirup |is run
through a thicker filter. Formerly these filters
were made of wool, but now they usually are a
layer of synthetic felt (Orlon).

Synthetic felt filters have many advantages over
'wool felt filters. They do not impart a foreign
flavor to the sirup, shrink very little or not at all,
do not }iill, resist abrasion, stain only slightly, and
have a long life. Synthetic filters that have been
in use more than 5 years show little evidence of
wear.

The disadvantage of the two-filter system is that
the large particles are removed on the coarse pre-
filter. Tﬁe fine particles are collected |on the
finishing filter, and they may form a compact bed
that resists flow of the thick sirup.

The most common filtration assembly|in the
past was a large milk can in which was inserted
a cone-shaped, felt bag supported at the top of the
can. However, this is little used today.

Flat Filters

A flat filter consists of a felt sheet for a tiltering
surface (fig. 95) instead of a cone. It was first
used in New York and is gaining in popularity
everywhere. The flat filter provides a| larger
filtering area than does the cone-shaped filter.
Distribution of the filter cake over this larger
area results in a thinner layer, so the filters can be
used for longer periods before cleaning is neces-
sary.

The felt sheet is supported in a shallow basket of
hardware cloth with 2-inch walls (735). The felt

SUGGESTED FILTER TRAYS
/HEAVY GAGE METAL OR WOOD

3/8"MESH,
GALVANIZED
HARDWARE
CLOTH

FELT FILTER

T

\ STANDARD MILK CAN

WASH TANK

DRAIN

Chart 18.—Sirup filter. A flat felt filter assembly, constructed on
a milk-can washer that serves as a temporary storage tank
from which the hot sirup can be drawn for packaging. - Short-
ening the legs and attaching casters or wheels permits the
assembly to be moved easily into place under the sirup drawoff
spigot.

is cut at least 4 inches larger than the bottom of
the basket, and the edges are turned up 2 inches
to form a shallow tray (chart 18). Usually the
felt can be used two or three times longer between
cleanings if the sirup is first put through a pre-
filter. However, because of the physical form of
the particles of sugar sand, filtering may be more
rapid if the prefilter is not used. This can be de-
termined only by experiment. The prefilter is
mounted above the felt and is supported on a wire
screen basket the same size as that used for the

A basket of hardware
cloth is supported above the two tanks for holding the felt and

Figure 95.—A simple type of fiat filter.

above this is the support for the prefilter. The prefilter is moved
across the tray as new filtering surface is needed.



felt (chart 18). The prefilter is cut to fit aviuss
the basket, but a length of filter paper is left hang-
ing over the edge of the basket. As the prefilter
becomes clogged, a new filtering surface is jpro-
vided by pulling the prefilter across the bgsket

(ﬁ%.h%g.
e filters can be built in multiples over a ¢com-
mon tank (fig. 96). As one becomes clogged with
sugar sand, the assembly can be moved to place a
clean filter under the spigot.
To maintain filtration at a rapid rate thel flat
prefilters and felts must be cleaned often, espe-
cially if the sirup contains a large amount of sugar
sand. To clean the filters, the filter cake is [first
scraped off with a wooden scraper to prevent
damage to the filters. The entrapped sirup is dis-
solved by dipping the filter into a pan of| hot
water. The E ters are folded with the sugar sand
on the inside so that it will not be washed into the
recovered sirup. The felt is rinsed repeatedly in
hot water. The recovered sirup is returned to the
evaporator.
A homemade washer for flat filters is shown in
figure 97. By means of an eccentric, the felt is
lifted from the hot water and then dunked repeat-
edly for 15 to 30 minutes until it is clean. | No
detergent can be used since it would impart an
undesirable flavor to the filter. The felts are then
hung on racks to dry or drain. Two or three
extra felts are required for replacements while the
others are being washed. With an efficient v&ash-

ing machine, the felts can be reconditioned for use
so easily that some producers have discontinued
using prefilters.

Filtering Semiconcentrated Sirup

Figure 96.—A more elaborate type of installation in which |three

felt filter units are installed over a common tank. The|units
are mounted on rollers so that they can be replaced by a|fresh
unit when necessary. The tank is provided with a drawoff
valve.

Figure 97.—A simple type of machine washes flat filters by
repeatedly dipping the felts into hot water.

60° Brix, and (2) hot sap at 55° to 60° Brix ha¢
a viscosity of only 1.5° centipoises as compared-
to 54° for standard-density sirup. Therefore,
when sap has been concentrated to 55° to 60° Brix,
it is filtered as it is being removed from the evapo-
rator and before it is transferred to the finishing
pan. In bringing the sirup to standard density
in the finishing pan, a small amount of addi-
tional sugar sand (precipitate) may be formed.
This is easily removed by using a,notier felt filter
assembly.

This final filtration, like all other open filters,
permits loss of water as steam that escapes from
the hot sirup. This may increase the density of
the finished, filtered sirup by as much as 1° Brix.
To avoid this, a number of producers pump the
sirup from the finishing pan through a pipeline
to the closed bottling or canning tank. Since this
is a closed system, there is no change in the den-
sity of the sirup as a result of evaporation. To
provide for the final or polishing filtration, an
inline, cartridge-type filter is mounted in the pipe-
line from the finishing pan to the holding tank.
Two cartridge filters are used, mounted in parallel
with separate control valves so that they can be
used alternately. This permits replacing a
clogged filter without interrupting the sirup
finishing and filtering operation.



Summary
Sedimentation
(1) Strain the sirup through a paper prefilter or
cheesecloth.

(2) Place the sirup in settling tanks.

(3) Allow it to stand until all suspended matter
has settled out. (Test by periodically draw-
ing a small sample from the tank spigot.)

(4) Sedimentation is complete when the sirup is
crystal clear as it is drawn off.

(5) If the sirup is still cloudy at the end qf several
weeks, it can be clarified only by filtration.

Filtration (preferred method)

(1) Run the hot, standard-density sirup from the
evaporator or finishing tank directly on the
filters.

(2) Use flat (preferably) filters consisting of a
prefilter (paper or flannel) above the felt filter.

(3) Change the prefilter and the felt filter as often
as necessary to maintain a rapid rate of filtra-
tion.

(4) When using a finishing pan, filter the partly
evaporated sirup before transferring|it to the

an.

(5) II)f a precipitate forms while the sirup is heat-
ing in the finishing pan, the sirup jmust be

iven a final or polishing filter.

(6) %se a closed system in transferring| the fin-
ished sirup to the holding tank and use an
inline, cartridge-type filter for polishing the
sirup.

CHECKING AND ADJUSTING DENSITY OF
SIRUP ‘

The one specification that all grades pf table
sirup must meet, irrespective of color or other con-
siderations, is density. The minimum allowable
density of maple sirup is 11 pounds per gallon of
231 cu{)ic inches at a temperature of 68° K., which
corresponds to 65.46° Brix or 85.27° Baumé.®

The density of sirup can be measured [in three
ways: %) By weight; (2) by refractometry ; and
(3) by hydrometry.

Weight Method

Determininf the density of sirup by thé weight
per unit of volume is not recommended as & testing
procedure for farm use. This test can be made
only under the most exacting conditions i
precision instruments. The gallon meas
have a capacity of exactly 231 cubic inches, the
temperature of the sirup must be exact
and the weight of the sirup must be dete
curately to within 0.01 pound. If any one|of these
conditions is in error, the measurement is valueless.

°® Bureau of Standards Baumsé scale for sugar
modulus 145.

For example, an exact gallon of 231 cubic inches
of sirup at 68° F., with a Brix value of 63.5°
weighs 10.90 pounds (96), whereas the same vol-
ume of sirup at the same temperature but with a
Brix value of 67.5° weighs 11.10 pounds. Thus,
two sirups could differ 4 percent in their solids
content and yet differ only 0.2 pound in weight
(an amount not detected by ordinary scales) so
they would both appear to weigh 11 pounds per
gallon. Or an error in weighing of 0.02 pound
would cause an error in the solids content of ap-
proximately 14 percent (0.5° Brix). For these
reasons, the fact that a gallon of minimum density
sirup weighs 11 pounds does not mean that this
is a recommended criterion for measuring the
density of sirup.  However, it is of great value
when used properly and should be used to measure
the amount of sirup sold as 1 gallon.

Since sirup is packed hot in cans that are lar;
enough to allow for the expanded volume of the
hot sirup, and since all sirup is not packaged at
exactly the same hot temperature, the volume of
a gallon of hot, standard-density sirup varies
slightly. However, a gallon of standard-density
sirup weighs 11 pounds whether it is hot or cold.
It is therefore recommended that all packaged

‘sirup be weighed before it is sold to determine if

the required amount of sirup is in the package—
11 pounds for 1 gallon; 2 pounds, 12 ounces for 1
quart; and 1 pound, 6 ounces for 1 pint. These
are net weights and do not include the weight of
the can or package.

Refractometry Method

Determining the density of sirup by measuring
its refractive index, which changes i a regular
manner with changes in the amount of dissolved
solids, is the simplest of the three methods. This
method is not generally used because it requires .
a refractometer, an expensive optical instrument
(fig. 98). However, the precision with which
density can be measured with the refractometer
makes it well suited for use by Federal and State
inspection services, by judges of sirups in competi-
tion, and by central evaporator plants. This in-
strument is not satisfactory for measuring the
density of hot sirup (180° F. and above).

Hydrometry Method

Hydrometry is the most generally used method
for measuring the density of cold sirup, and it is
best suited for use by the sirupmaker. All that
is required to make precise density measurements
is a relatively inexpensive but accurate hydrom-
eter, a therometer, and a hydrometer tube or jar.
(fig. 96). Hydrometry is based on the Archi-
medes principle that the density of a liquid can be
measured by the displacement of a floating body.
The hydrometer, & partly immersed body, dis-
places a volume of liquid having a mass equal to
the weight of the hydrometer. A hydrometric



Figure 98.—Checking the density of sirup with a refractometer.
Only one drop of sirup is required for this measurement.

measurement, is made by noting the point on the
hydrometer stem that is1n contact with the surface
of the liquid. The hydrometer must be at rest
and floating freely in the liquid, as shown in chart
19. The density value is read from a scale sealed
in the stem.

The accuracy of a hydrometer measurement |de-

ends on the spacing of the markings on the scale
in the hydrometer stem, which in turn depends on
the diameter of the stem. Thus, the thinner fthe
stem, the farther apart the markings, and the
greater the accuracy with which the density meas-
urements can be made. The scale of hydrometers
for measuring density of sirup may be marked and
calibrated in or on the stem of the hydrometer
(chart 20). These scales can be marked by one
of three systems or a combination of the systems:
(1)1 Specific gravity ; (2) Brix scale; or (3) Baumé
scale.

Both specific gravity and the Baumé scale relate
the weight of a unit volume of maple sirup (the
solution being tested) to some other liquid used as
a standard; they give no direct information |re-
garding the solids content of the sirup being
tested.

Brix Scale

The Brix scale relates the density of sirup|to
sugar solutions of the same density and known
percentages of sugar. The Brix value does not
express the true percentage of sugar in a solution
containing sugar plus other dissolved solids;
rather, it indicates what the percentage of sugar
would be if the density of the solution were due
only to dissolved sugar. The Brix scale is particu-
larly well suited for measuring the density |of
maple sirup because 98 percent of the dissolved
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Chart 19.—Hydrometer used for measuring density. The hydrom-
eter can should be filled to the top. It should be held at eye
level for reading.

solids is sugar. For practical purposes, the Brix
value equals the percentage of sugar in the sirup.
A good approximation of the weight of sugar in
any lot of maple sirup, whether or not it is stand-
ard-density sirup, can be found by multiplying the
weight of the sirup by its density (° Brix) and
dividing by 100. This information is important
to the producer who sells his sirup wholesale, since
the price is based on its solids (sugar) content.
Thus, 100 pounds of sirup at 64° Brix contains 64
unds of sugar, whereas 100 pounds of standard-
ensity sirup (65.5° Brix) contains 65.5 pounds of
sugar. Therefore, 100 pounds of the low-densit;
sirup has a lesser value than 100 pounds of standyi
ard-density sirup. Likewise, 100 pounds of sirup
with a density of 66.8° Brix contains 66.8 pounds

‘of sugar, which is more than that contained in 100

pounds of standard-density sirup; and it has a
greater value. If sirup has an original density of
more than 67° Brix, the excess sugar will precipi-
tate out, and the hydrometer will not measure it.

To obtain the weight of sugar in sirup when den-
sity is measured by a hydrometer whose scale is in
specific gravity or ° Baumé requires more involved

" calculation because neither scale has a direct rela-

tion to the amount of sugar present.



HYDROMETERS
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‘hart 20.—The three hydrometer scales used in testing | sivup.
Left, Vermont Baumé scale, marked for testing sirup at 6§0° F.;
standard-density sirup at this temperature is indicated by the
heavy line at 36°. Center, hydrometer with double | scale,
marked for testing sirup at 68°; standard-density sirup pn the
Baumé scale of this hydrometer is indicated by the heayy line
at 35.27°. The double scale requires a spindle so large in
diameter that accurate readings are difficult to make, since the
scale must be compressed. Right, Brix scale, marked far test-
ing sirup at 68°; standard-density sirup at this temperature is
indicated by the heavy line at 65.46°-

Baumé Scale

Even though the Baumé scale does not express
directly the solids content of maple sirup a d its
continued use cannot be recommended, its|long
past use by the maple industry justifies the follow-
ing explanation and a table in the appendix for the
conversion of Baumé values (points) to ° |Brix
(table 16). ,

The Baumé scale relates the density of a liquid to
that of a salt solution, but it is more convenient to
calculate the Baumé value from specific-gravity

tables. Thus, ° Baumé=sp. g. (%{%’)’
M =the modulus.

In the past, unfortunately, neither the te
ture for which the Baumé scale was calibrat
M was standardized. Today, M is standardized
at 145. The temperature for calibration is tand-
ardized at 68° F. (except in Vermont). In Ver-
mont, the scale is marked at 36° (for use at 60° F.),
and standard-density sirup has a Baumé reading
of 36° when measured at 60° F. In other States
and for Federal specifications, the scale is marked

Figure 99.—A hydr fer is a , inexpensive instrument
for precisely measuring the density (° Brix) of the sirup. The
thydrometer should be read at eye level. The temperature of
the sirup must be measured and a temperature correction

made.
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at 35.3° (for use at 68° F.). When this scale is
used, standard-density sirup has a Baumé reading
of 35.3° at 68°. When a Baumé hydrometer is
used, ‘caution must be exercised in o{serving the

temperature at which the scale is to be used.

Measuring Density

Measuring the density of sirup by hydrom-
etry is relatively simple. Many peo le, however,
incorrectly assume that the observe hydrometer
reading is the true density of the sirup. This
error occurs because they neglect to consider that
sirup and sap are water solutions and therefore
behave as water does, expanding and contracting
with changes in temperature.

Most hydrometers and refractometers made for
use in this country are calibrated for use at 68° F.
When used to measure sirup at this temperature,
the observed hydrometer or refractometer value of
the sirup is the true value. If sirup is heated
above 68° F., it will expand to a greater volume
and its apparent (observed) density will be less
than its true density. Likewise, if sirup is chilled
below 68°, it will contract to a smaller volume and
its apparent (observed) density will be greater
than its true density and corrections must be made.

To make exact density measurements, sensitive
hydrometers that can be read with high precision
must be used. The diameter of the hydrometer
stem, therefore, must be small enough so that a
change in the density of the sap or sirup equivalent



to 0.1° Brix will cause an observable change in|the
depth at which the hydrometer stem floats,| as
measured at the intersection of the liquid surface
and the hydrometer stem. The hydrometer will
have a scale with 0.1° Brix graduations and will
usually cover a range of 10° to 12° Brix. The stem
will be approximately 614 inches long, and [the
overall length of the hydrometer will be about 13
inches. This type of hydrometer will require a
hydrometer cup at least 13 inches deep.

Since the Brix scale gives the density of sap or
sirup directly in terms of dissolved solids as per-
centage of sugar, it is ideally suited for use by {the
maple industry. However, as stated earlier, many
sirup hydrometers in use today have Baumsé scales.
Baumé values (commonly called points) can|be
converted to Brix values, as follows:

°Brix °Baumé  ° Brix ° Baymé
00....... 0.0 5.0 4.4
01.cc.... A1 5.1. 4.7
0.2... d 592 : .0. 4.9
0.3.0..... .2 5.3 .0 5. 5.2
0.4... .2 5.4 L f 55
0.5....... .3 55....... 3.1 28.5...... 5.8
06....... .3 56....... 3.1 929.0.. 6.0
0.7... 4 517... 3.2 9295.. 6.3
0.8... .5 5.8... 3.2  30.0.. 6.6
09....... .5 59....... 3.3 30.5...... 6.8
{1 IR .6 6.0....... 3.4 31.0...... 7.1
S PP 6 65... 3.6 31.5.. 7.4
5 N 7.0....... 3.9 32.0...... 7.7
.3.. V) 1.5....... 4.2 32.5...... 7.9
4.. .8 8.0....... 4.5 33.0 . 8.2
- PN .8 85....... 4.7 33.5...... 8.5
[ 9 9.0....... 5.0 34.0 . 8.7
By 1.0 9.5....... 5.3 : 9.0
8... 1.0 10.0.. 5.6 9.3
Qeeeenns 11 10.5.. 5.9 .6
0... 1.1 11.0.. 6.1 9.8
1... 1.2  11.5... 6.4 .1
Revenenn 1.2 12.0...... 6.7 .4
5: PP 13 125...... 7.0 .6
I TN 1.3 13.0... 7.2 .9
5.000en. 1.4 13.5... 1.5 .2
Gevernnn 1.5 14.0.. 1.8 4
Teeeeenn 1.5 145...... 8.1 7
X : T 1.6 15.0...... 8.3 2.0
Q... 1.6 15.5... 8.6 2.2
{1 1.7 16.0... 8.9 2.5
1... 1.7 16.5... 9.2 2.8
" JRN 1.8 17.0... 9.5 3.0
3.. 1.9 17.5... 9.7 3.3
4.. 1.9 18.0... 10.0 3.6
5.. 20 18.5... 10.3 3.8
6.. 20 19.0...... 10.6 4.1
1.. 2.1 19.5.... 10.8 4.4
8.. 21  20.0... 11.1 4.6
R 2.2 20.5... 114 4.9
0.. 2.2  21.0.. 11.7 5.2
1... 23 21.5.. 11.9 5.4
Qeeerenn 2.4 22.0...... 12.2 5.7
3... 2.4 292.5.. 12.5 6.0
% R 2.5 23.0...... 12.7 6.2
Seeennen 2.5 23.5.. 13.0 6.5
6... 2.6 24.0...... 13.3 6.8
Teerenn, 2.6 24.5.. 13.6 .0
: PR 2.7 25.0...... 13.8 .3
Qeeennns 2.7 25.5...... 14.1 .5
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° Brix Bavmé °Brix °Baumé °Brx ©° Baumé
51.0...... 27.8 62.2...... 336 66.2... 35.7
51.5...... 28.1 62.3...... 33.7 66.3... 35.7
52.0...... 28.3 62.4... 33.7 66.4... 35.8
52.5...... 98.6 62.5... 33.8 66.5... 35.8
53.0...... 28.9 62.6... 3.8 66.6... 35.9
53.5...... 29.1  62.7... 339 66.7...... 35.9
54.0...... 29.4 62.8...... 33.9 66.8... 36.0
54.5...... 29.6  62.9.. 340 66.9...... 36.0
55.0...... 29.9
55.5...... 30.2 63.0 340 67.0.... 36.1
63.1...... 34.1 67.1...... 36.1
56.0.. 304 63.2... 341 67.9.. 36.2
56.5...... 30.7 63.3. 342 673... 36.2
57.0...... 30.9 63.4... 34.2 67.4... 36.3
57.5. 31.2 635 343 6175... 36.3
z 31.5  63.6... 343 6176...... 36.4
31.7 63.7.. 34.4 617.7. 36.4
32.0 63.8... 34.4 67.8...... 36.5
32.2 63.9... 345 679... 36.5
32.5 64.0... 345 68.0... 36.6
325 64.1... 34.6 68.1.. 36.6
32.6 64.2... 346 68.2...... 36
32.6 64.3.. 34.7 68.3... 36
32.7 644...... 347 684... 36
32.7 64.5.. 348 68.5...... 36.
32.8 64.6.. 34.8 68.6... 36.
32.9 64.7.. 349 68.7... 36.
32.9 64.8... 349 688... 37.
33.0 649...... 350 68.9... 37.
33.0 65.0.... 35.0 69.0.... 37.
33.1 65.1... 35.1 69.1.... 37.
33.1 65.2... 35.1 69.2.... 37.
33.2 65.3... 35.2 69.3.... 37.
33.2 65.4.... 35.2 69.4.... 37.
33.3 65.5... 35.3 69.5.... 37.
33.3 65.6... 35.3 69.6...... 317.
33.4 65.7.. 354 69.7... 37.
33.4 65.8... 35.5 69.8... 37.
33.5 65.9... 35.5 69.9.... 37.
70.0.... 37.
335 66.0.. 35.6
33.6 66.1.. 35.6

Measuring Solids Content

The effect of temperature on density is more
pronounced in sirup than in sap (73}). Since
sirup is more viscous than sap, the following pre-
cautions should be observed :

No sirup must be allowed on the part of the
hydrometer stem that is exposed above the surface
of the sirup being tested. The hydrometer must
be clean and dry, and it must be inserted with
clean fingers. Also, it must no¢ be submerged
below its floating position and permitted to rise.
The sirup on the exposed stem of the hydrometer
would add weight, the hydrometer would float too
deep in the sirup, and the observed reading would
be too low. :

Sirup at room temperature is viscous, and there-
fore 30 seconds or more will be required for the
hydrometer to settle to its point of rest. If the
observed hydrometer readings are made too soon,
they will be too high. Also, if the diameter of
the hydrometer cup is too small, or if the hydrom-
eter is floated too close to the wall of the cup, or
if the cup is tilted, the movement of the hydrom-



eter will be restricted and the observed re
will be incorrect.
_ To determine accurately the sugar content of
naple sirup, use a hydrometer calibrated in 0.1°
Brix (134). Place the sirup in a hydrometer cup
whose depth is equal to, or slightly greater|than,
the overall length of the hydrometer and whose
diameter is at least 115 times larger than the diam-
eter of the hydrometer bulb. Fill the hydrometer
cup to the top with sirup, gently set the hydrom-
eter into the sirup, and allow it to settle unaided
until it comes to rest. When the hydrometer
comes to rest, at least 30 seconds after it is placed
in the cup, carefully lift the cup so that the liquid
surface is at eye level and read the mark on the
hydrometer scale at the point of intersection of
the hydrometer stem and the liquid surface (fig.
99). This value is the observed hydrometer|read-
ini( ° Brix) of the sirup.
Ithough most hydrometers are calibrated for
use at 68° F., this does not mean that sirup|must
be heated or cooled to 68° before its density can be
measured. Actually, the observed density can be
measured at any temperature and the true density,
or Brix value, calculated, if the exact temperature
of the sirup at the time the reading was made is
known. The temperature of the sirup should be
measured with a precision Fahrenheit thermom-
eter calibrated in intervals of 1.0°, or preferably
0.5°. Table 17 shows the amount to be added to
or subtracted from the observed Brix reading to
obtain the true density of sirup measured| at a
temperature other than 68° F.
} The following examples show how to obtain the
{rue density of sirup in ° Brix:

Example 1. What is the true density, in ° Brix,
of sirup having an observed density of 65.9° Brix
at 165° F.? .

Since the observed reading is below 69.9° Brix,
the correction to use is in column 2 of table 14.
Locate the temperature 165° F. in column 1.| Op-
posite this in column 2 is 5.0° Brix, the correction
to add to the observed reading. Therefore, the
gup density of this sirup is 65.9°+5.0°, or [70.9°

Tix.

Ewample 2. What is the true density of sirup

ha};ing an observed density of 61.0° Brix ap 57°
F.?
Since the observed reading is below 69.9° Brix,
the correction to use is in column 2 of table 14.
Locate the temperature closest to 57° F. (557 F.)
in column 1. Opposite this in column 2 is 0.5°
Brix, the correction to subtract from the observed
reading. Therefore, the true density of this sirup
i 61.0°—0.5°, or 60.5° F.

ading

Adjusting Density

Heavy sirup decreases the potential number of
gallons of sirup that can be made from a quantity
of sap. Sirup should, therefore, be adjusted to
the proper density. Further, sirup with a density
of more than 67° Brix (more than 36° Baumé at

TaBLE 14.—Corrections to be applied to observed
Briz readings of maple sirup to compensate for
effects of temperature

Correction to subtract from (—)
or add to (+) observed Brix
Temperature of sirup in reading of—

hydrometer cup, ° F.

69.9° and
higher

(6] @ ®)

60.0°-69.9°

° Brix ° Briz
> —1L —1
b 1 S —1 —L
40 . —L —1L
45 . —1 —L

e e
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NGB R R WWEONN NNmeme ettt
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ottt bttt 4+

1If observed reading is in ° Baumé, first convert to
° Brix (table 16), then apply the temperature correction.

2 Most hydrometers are calibrated at exactly this tem-
perature.

68° F. or 36.27° Baumé at 60° F.) will crystallize
on storage and must be diluted. This can be done
by adding either sap or low-density sirup to the
high-density sirup.

The adjustment of heavy sirup to a lighter den-
sity can be calculated by alligation (Pearson’s
square). Since these calculations are rather com-
glicated, table 15 has been compiled for finding

irectly the volume of water needed to adjust 100
pounds of heavy sirup, or any part thereof, to a
density of 66° Brix, which is just slightly higher
than standard density but is more palatable be-
cause of its higher viscosity.



The calculation for adjusting heavy sirup|can
be done accurately only after its true density
(Brix value) has been determined.

If the true density of sirup is known, the amount
of water to add to yield 66°-Brix sirup ca
obtained directly from column 2 or column 3 in
table 15. After adding the water, stir the sirup

TaBLe 15.—Water to add to heavy sirup (66.1f to
70.0° Briz) to obtain 66°-Brix sirup

Amount of water to add to
heavy sirup 2
True Brix value of un-
diluted sirup !
Per 100 pounds | Per pound
1) 2 (3) 4
Fluid
Pints | Ounces oundes
66.1 ° . 0 2 0.02
66.2 ° oo 0 5 .05
66.3 oo 0 7 .07
66.4 ° - 0 10 .10
66.5 e 0 12 .12
66.6 ° - 0 15 .15
66.7 © oo 1 1 .17
66.8 ° oo 1 3 .19
66.9 ° - 1 6 .22
67.0 ° - 1 8 .24
67.1 ° - 1 11 .27
67.2 ® e 1 13 .29
67,8 O es 2 0 .32
674 - 2 2 .34
67.5 O oo 2 4 .36
67.6 ° oo 2 7 .39
67.7 e 2 9 .41
67.8 © e 2 12 .44
67.9 ° - 2 14 . 46
68.0 oo 3 1 .49
68.1 e 3 3 .51
68.2 ° e 3 5 .53 -
68.3 C e 3 8 . 56
68.4 ° - 3 10 .58
68.5 e 3 13 .61
68.6 ° - 3 15 .63
68.7 e 4 1 .65
68.8 e 4 4 .68
68.9 ° o __ 4 6 .70
69.0 °n 4 9 .73
69.1° .. 4 11 .75
69.2 ° . 4 14 .78
69.3 . 5 0 .80
69.4° . 5 |- 2 .82
69.5 e 5 5 .85
69.6 ° oo 5 7 .87
69.7 ® oo 5 10 .90
69.8 e 5 12 .92
69.9 ° .. 5 15 .95
700 ® oo 6 1 .97

1 ° Brix of sirup after correction for temperature.
2 For practical approxiniations, pints=pounds avoirdu-
pois, and fluid ounces=ounces avoirdupois.

well to insure that the added water has been uni-
formly mixed with all the sirup. Then check the
Brix value of the adjusted sirup to be sure that
1t is the correct density (66° Brix). Each add:
tional heating causes an additional darkening ot
the sirup ; therefore, try to make sirup of the cor-
rect density when the sap is first evaporated.

The following examples show how to use table
15 In calculating the amount of water to add to
heavy sirup to yield a 66°-Brix sirup.

Example 1. A 100-pound sample of heavy sirup
has a true density of 69.7° Brix. How much water
should be added to adjust this sirup to 66° Brix?

In table 15 locate 69.7° Brix. Opposite this in
columns 2 and 3 is 5 pints and 10 ounces, the
amount of water to add to the 100 pounds of heavy
sirup to adjust it to 66° Brix. :

xample 2. 1f only 12 pounds of the sirup in
example 1 is being adjusted, how much water
should be added ?

Table 15 column 4 shows that 0.9 fluid ounce of
water must be added to adjust 1 pound of 69.7°-
Brix sirup to 66° Brix. For 12 pounds, 12X 0.9, or
10.8 fluid ounces of water is required to adjust 12
pounds of 69.7°-Brix sirup to 66° Brix.

Example 3. How much water should be added
to 26 pounds of 68.2°-Brix sirup to change its
density to 66° Brix?

In table 15 locate 68.2° Brix. Opposite this in
column 4 find the value of 0.53 fluid ounce, the
amount of water to add to 1 pound of 68.2°-Brix
sirup. Then, 26 X0.53, or 13.8 fluid ounces of water
is required to adjust 26 pounds of 68.2°-Brix sirup
to 66° Brix.

Summary

(1) Do not check the density of sirup by weight,
unless precision instruments are available.

(2) The minimum allowable density is 65.46° Brix
(at 68° F.) or 3527° Baume (at 68° F.).
Sirup that has a density of 66° to 66.5° Brix
(at 68° F.) has a higher viscosity and tastes
better.

(3) To test the density of sirup with a hydrom-
eter, fill the can or jar to the top with sirup.

(4) Use only a clean, dry hydrometer.

(5) Lower the hydrometer into the sirup carefully
until it comes to rest.

(6) Hold the can so the top is at eye level and read
the value on the hydrometer scale at the sur-
face of the sirup. The value, is the observed
or apparent density of the sirup. )

(7) Determine the true density (° Brix or
° Baumé) of sirup tested at temperatures
warmer than the temperatures at which the
hydrometer is marked for use by calculation,
as follows:

TD (° Brix) =0D+[0.04TX (T'—=T,)]
TD (° Baumé) =0D+[0.024X (T—T)]
and for sirup tested at temperatures colder
than the temperature at which the hydrometer

is marked for use, as follows:



D (° Brix) =0D—[0.047 x (T.—-7)]
T'D (° Baums) =0D—[0.024 % (To—-7T)]
where 7’ D=true density ; 0. D=observed den-
sity; 0.047=correction factor for Brix read-
ing; 0.024=correction factor for Baumé read-
ing; 7'=temperature of sirup tested; and
T'y=temperature at which the hydrometer is
marked for use. Or use the table to convert

observed density to true density.

GRADING SIRUP BY COLOR

Color Standards

Sirup should be graded before it is packaged.
Vermont producers are required to state on |the
label the grade of siru they are offering for sale
to consumers (718). é:)lor 1s the principal grade-
determining factor of table sirup that meets other
requirements, such ag density, flavor, and
cloudiness.

The U.S. Department of Agriculture color
standards are designated “Light Amber,” “Nfe.
dium Amber,” and “Dark Amber.” These cor-
respond to Bryan Color Nos, 6,8, and 10.

The original U.S. color standards were solu-
tions of caramel in glycerin made according |to
Balch’s (4) revised spectrophotometric specifica-
tions for B

sirup. Unfortunately, these caramel solutions
tend to fade. They should not be kept for use
standards for more than 1 year.

U.S. Color Comparator

The U.S. Department of Agriculture has devel-
oped a simple type of color comparator with pen-
manent standards of colored glass (8,9). Thes
standards became the officia] -S. Department o
Agriculture color standards for maple sirup j
1950 and were adopted by the Association o
Official Agricultura] Chemists (742). The colo.
of the diﬂg iven i

or standard mounted in @ comparator. The

For view-
ing, the sirup sample in the bottle to the right of the comparator
is mounted in one of the two openings in the comparator.

grading because the standards are widely spaced
on a color scale when viewed in thig thickness.

he square container provides a field of view of
uniform thickness ang color, a feature that was not

possible with the cylindrical bottles formerly used.

TaBLE 16.—Grade designations of maple sirup, as
determined by color

Color index

’ range !

e S —_

U.S. Grade AA As light as or lighter | 0-0.510.
(New York than Light Amber,

Fancy or Ver-'
mont Fancy). - -

Grade designation Color

U.S. Grade A Darker than Light 0.510-0.897.
(New York No. mber but as
1 or Vermont light as or lighter
A). than Medium
mber.
U.S. Grade B Darker than Mediym 0.897-1.455.
(New York No. Amber but ag
or Vermont light as or lighter
. than Dark Amber.,
Unclassified (New | Darker then Dark Over 1.45,
York No. 3.0or mber.
Vermont C).

! For description of color index, see p. 38.

The three clear blanks supplied with the color-
rading kit are placed in tﬁe compartments in
ack of the three standard glasses: Light; Me-

dium; and Dark Amber, .

The sirup to be graded is poured into one of
the clean square glass bottles and placed in one
of the two open compartments. The comparator
is held at a convenient distance from the eye and
is viewed toward the sky but away from the sun
(fig. 101). The color grade (classiﬁcation) of

Figure 101.—The sirup and color standards are viewed toward
the sky (away from the sun), preferably toward the north
sky.



the sirup is determined by comparing the sam-
ples with the standards. If the sample of sirup is
cloudy, its true color classification may be difficult
to determine because its brightness will be lowered.

Information concerning the color-grading kit,
including the comparator block with glass stand-
ards may be obtained by writing to the Processed
Products Standardization and Inspection Branch,
Consumer and Marketing Service, USDA, Wash-
ington, D.C.

Summary

(1) Color is the grade-determining factor for ta-
ble sirups that meet all other requirements
such as density, flavor, and cloudiness.

(2) Grade the color of the sirup by visually com-

aring it with color standards.

(3) Use as standards either the U.S. Department
of Agriculture permanent glass standards
(preferred) or suitable caramel-glycerin
solutions.

(4) Do not use caramel-glycerin standards that
are more than 1 year old.

(5) Designate the color of the sirup as either
Light Amber, Medium Amber, Dark Amber,
or%)arker Than Dark Amber.

PACKAGING

The graded and clarified sirup with a density
between 65.5° and 67° Brix at a temperature of
68° F. is ready for packaging (fig. 102). If the
temperature of the sirup when tested after filter-
ing is still above 180°, the sirup can be packaged

‘Figure 102.—Sirup being packaged in lithographed cans.

immediately. If the sirup has cooled below 180°,
it must be reheated. However, the sirup may be-
come darkened if the temperature goes above 200°
when it is reheated.

As stated previously, maple sirup is a wate
solution. Like water, sirup expands and contracts
with changes in temperature. For this reason it
is difficult to package hot sirup accurately by vol-
ume. Accurate packaging can be done only if the
sirup is adjusted to that temperature for which
the volume of the can will hold an exact gallon.
Since standard-density sirup weighs the same re-
gardless of its temperature, it is best to package
maple sirup by weight. The sirup can be weighed
on ordinary household scales. However, it is ad-
visable to test the scales before they are used.
This can be done by taking the scale to a grocery
store and comparing it with the grocer’s certified
scales. To do this, weigh an object that weighs
exactly 1,2, or 10 pounds (such as a bag of sugar.
or a can of water) on the grocer’s scale. Then
weigh it on the scale being tested. If possible,
adjust the household scale to make it read cor-
rectly. If it cannot be adjusted, make a calibra-
tion chart by recording in one column the
household scale reading and in the other the cor-
responding true weight.

When packaging sirup by weight, allowance
must be made for the weight of the container.

A fter the container has been filled with the cor-
rect weight of sirup, it is sealed and laid on its
side so that the hot sirup contacts the closure and
pasteurizes it. After the containers have been on
their sides 10 to 15 minutes, they are ready fo~
cooling.

Stack Burn

If packaged sirup is stacked while it is still
hot, the same browning reaction that occurred in
the evaporator will continue and darken the sirup
by as much as one or two grades. This seldom oc-
curs with fancy grades of sirup. Development of
color in hot packaged sirup is called stack burn.
To prevent stack burn, the containers should be
temporarily stacked with an air space to allow air
to circulate, and a fan should be used to speed up
cooling. After the cans have cooled to room tem-
perature, they can be close packed.

Control of Micro-Organisms

Standard-density sirup will not support active
growth of micro-organisms with the exception of
a few types of yeast and one or two types of bac-
teria. Because of the possible contamination of
sirup with these organisms, no sirup that is of-
fered for sale to the consumer should be packaged
cold. Instead, the sirup must be heated to at least
180° F. to destroy these organisms and then pack-
aged immediately (23). Any spores of yeast,
mold, or bacteria that may have gained access to
the sirup will not be destroyed, but they will vege-
tate and grow only if conditions become favorable.



Everyone has seen mold growmg pn sirup.
However, mold will not grow in standa d-density

irup. These apparently contradictory statements
jre explained as follows: Cold-packed maple sirup
Iay contain mold spores. The mold spores, like
the spores of most yeast and bacteria, will remain
in a resting state and will not germina
as all the sirup is of standard density.

Sirup stored under ordinary conditions usually
undergoes some temperature change. en the
storage temperature increases, some of the water
of the sirup is distilled up into the hea, space of
the container. When the storage temperature de-
creases, this vapor condenses into small drops of
water that run down onto the surface of the siru
and produce a layer of low-density sirup|in whic
molclp and other types of spores can vegetate and
grow.

Even though the sirup contains spo es, their
growth can be prevented by momentarily invert-
Ing the packaged sirup once or twice wee ly (66).
This destroys the layer of dilute sirup and thus
inhibits germination of the mold spores.

Although sirup is packaged under cl n, sani-
tary conditions, this does not guarantee that the
sirup will not become inocuﬁlil:ed with micro-
organisms if it is packaged cold. Once|mold or
yeast has grown in the area where cold packaging
1s done, it is almost impossible to package siru
by the cold method without its becoming infected.

Chemical inhibitors have long been used| for pre-
serving foods. Recent studies (26) have shown
that one of these, the sodium salt of propyl para-

ydroxybenzoate (PHBA) is effective in [control-

ng growth of yeast and mold in maple sirup.
A concentration of only 0.02 percent is required.
Sodium propyl PHBA "is available commercially
under digerent trade names.

CAUTION

Before using this or any other chemica pre-
servative, determine whether it has been ap-
proved by your State for use in intrastate |sales
and by the Federal Food and Drug Adminis-
tration for use in interstate sales.

Bulk-stored sirup can be kept free from |surface
infection with spoilage micro-organisms by irradi-
ating the surface of the sirup with germicidal
lamps that emit low ultraviolet radiation, particu-
larly in the region of 260 millimicrons (120). The
lamps must be mounted to illuminate thé entire
surface of the sirup (chart 21).

CAUTION

Never expose the eyes to radiation from
germicidal lamps since permanent damage
can result. Always turn the lights off before
working in the area illuminated by these
lamps. "

I
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Chart 21.—Ultraviolet (germicidal) lamp must be positioned to
illuminate the entire surface of the sirup. More than one lamp
may be required.

Size and Type of Package

The size and type of package is important when
sirup is made for retail sale. Housewives dislike
to repackage sirup from a gallon container to
smaller ones for use as occasion demands. This
has been demonstrated by the growin, tendency
on the part of the public to buy maple sirup in
quart or even smaller packages.

The net weights for stan ard-density sirup are:
1 gallon weighs 11 pounds; 1 quart weighs 2
pounds and 12 ounces; 1 pint weighs 1 pound and
6 ounces. Since sirup must be packed hot (180° F.
or above), the capacity of the container must be at
least large enough to allow for the volume of the
heat-expanded sirup. The volume of 11 pounds of
standard-density sirup is 231 cubic inches at 68° F.
(20° C.) ; its volume at 212° F. is 239.9 cubic inches.
Thus, a gallon container should have a mimimum
capacity of 241=+1 cubic inches; quart containers,
60.2 0.5 cubic inches; and pints, 30.1 ==0.5 cubic
inches.

Consumers expect sirug to be as attractively
packaged as other foods (fig. 103). When sold at
roadside stands, sirup packaged in tin containers
is attractive to tourists regardless of the size of the
container, because they do not have to take special
care in storing tin containers in the car as they
must with glass containers. All metal containers
should be carefully inspected before they are filled
to be sure they are free of all foreign matter and
contain no insects or rodents or their debris.

Both glass and tin packages should be attrac-
tively labeled. The printed label must be put on
squarelv. and the outside must ha claan  Manv



Figure 103.—Maple siryp can be packaged in a variety of containers.

{)roducers are finding that cans with the labels
ithographed on the tin make an ideal package.

Summary

(1) Package sirup hot (180° F. or above).

(2) Do not reheat sirup above 200°.

(8) Fill sirup package by weight rather than
by volume.

(4) In packaging by weight, allow for the|weight
(tare) of the container.

(5) Use scales that have been tested and cali-
brated against certified weights.

(6) Avoid stack burn by cooling the packaged
sirup before close stacking it.

(7) Control mold growth in cold-packed sirup or
in sterile sirup that has been opened and ex-
posed to infection by inverting the container
once a week.

(8) Yeast spoilage can be prevented only| by hot
packing.

(9) The chemical inhibitor sodium |propyl
PHBA in 0.02-percent concentration is ef-
fective in controlling mold and yeast growth
insirup. ¢ A U 7'/ O N—Obtain State and
Federal approval before use.

(10) Use germicidal lamps to irradiate surface of
sirup in bulk storage to prevent spoilage.

(11) Package sirup neatly in attractive con-
talners.

(12) Package sirup in small containers such as

quarts, pints, and one-half pints, as well as
gallons and one-half gallons.

STANDARDS FOR MAPLE SIRUP FOR RETAIL
SALE

Maple sirup producers often find it profitable to
sell their sirup directly to consumers. In doing
so, farmers not only are producers; they also are
food processors. As food processors, they are ex-
pected to offer for sale a product that meets Fed-
eral and State requirements, and they must pack-
age their sirup so that it will compare favorably
in appearance and quality with other luxury food
items.

Vermont has taken the lead in the United States
in enacting regulations governing the sale and
labeling of maple products (778). New York
(75) and Wisconsin (125), among other States,
are establishing similar regulations. To obtain in-
formation regarding your State regulations gov-
erning the sale of maple products, write to the
Division of Markets, Department of Agriculture,
at your State capitol. These regulations protect
the buyer and assure him that the product he has
purchased meets certain minimum standards.
They also protect the producer against unfair com-
petition.

The United States standards for table maple
sirup (112) areas follows:



UNITED STATES STANDARDS FOR
‘'TABLE MAPLE SIRUP
Effective February 15, 1940
INTRODUCTION

Numbers in parentheses following grade terms ndicate
where such terms are defined under Definition of| Terms.’

These standards are issued for the purpose of ¢lassify-
ing maple sirup packed in containers for table use. It is
not intended that they shall apply to sirup which is packed
in drums or other large containers for later repr ssing.
Another set of standards entitled “U.S. Standards for
Maple Sirup for Reprocessing” has been issued for this

purpose.

GRADES

U.S. Grade AA (Fancy) Table Maple Sirup shall con-
sist of maple sirup (Z) which meets the following require-
ments:

The color shall not be darker than light amber as repre-
sented by the color standards of the United States De-
partment of Agriculture.

The sirup shall not be cloudier than light amber cloudy
standard as represented by the standards of th United
States Department of Agriculture for cloudiness (2).

The weight shall be not less than 11 pounds pe gallon
of 231 cubic inches at 68° F. corresponding to 65. ° Brix
or 85.27° Baumé (Bureau of Standards Baumé ale for
sugar solutions, modulus 145).

The sirup shall possess a characteristic maple flavor,
shall be clean (3), free from fermentation, and free from
damage (4) caused by scorching, buddiness, any ohjection-
able flavor or odor or other means. (See Tolerance.)

U.S. Grade A Table Maple Sirup shall consist of maple
sirup (1) which meets ‘the requirements for U.§. Grade
AA (Fancy) Table Maple Sirup except for color and
cloudiness (2).

The color shall not be darker than medium amber as
represented by the color standards of the United States
Department of Agriculture.

The sirup shall not be cloudier than medium amber

oudy standard as represented by the standards of the

nited States Department of Agriculture for cloudiness
(2). (See Tolerance.)

U.S. Grade B Table Maple Sirup shall consist of maple
sirup (1) which meets the requirements for U.§. Grade
AA (Fancy) Table Maple Sirup except for color and
cloudiness (2).

The color shall not be darker than dark amber as
represented by the color standards of the United States
Department of Agriculture.

The sirup shall not be cloudier than dark amb cloudy
standard as represented by the standards of th United
States Department of Agriculture for cloudiness (2).
(See Tolerance.)

Unclassified Table Maple Sirup shall consist ¢of maple
sirup which has not been classified in accordance
foregoing grades. The term “Unclassified” is notia grade
within the meaning of these standards but is provided as
a designation to show that no definite grade has been
applied to the lot.

Tolerance for Preceding Grades

In order to allow for variations incident to proper grad-
ing and handling, not more than 5 percent, by c¢ount, of
the containers in any lot may have sirup bel the re-
quirements for the grade, provided that no part of this
tolerance shall be allowed for defects causing seripus dam-
age (5) and provided further that no tolerance is per-
mitted for sirup that is darker in color than that which
is required for the next lower grade.

Packing
Containers shall be clean and new in appeara:L:e. Tin

containers shall not be rusty.

In order to allow for variations incident to proper pack-

"ing, not more than 5 percent, by count, of the containers

in any lot may fail to meet these requirements.
Definition of Terms

As used inthese standards:

1. “Maple Sirup” means sirup made by the evaporation
of maple sap or by the solution of maple concrete (maple
sugar) and contains not more than 35 percent of water,
and weighs not less than 11 pounds to the gallon (231
cubic inches).

2. “Cloudiness” means presence in suspension of fine
particles of mineral matter, such as malate of lime,
“piter,” ‘“sugar sand,” or other substances that detract
from the clearness of the sirup.

3. “Clean” means that the sirup shall be practically free
from foreign material such as pieces of bark, soot, dust,
and dirt.

4. “Damage” means any defect that materially affects
the appearance or the edibility or shipping quality of
the sirup.

5. “Serious damage” means any defect that seriously
affects the edibility or market value of the sirup. Badly
scorched sirup, buddy sirup, fermented sirup or sirup
that has any distasteful foreign flavor or disagreeable
odor shall be considered as seriously damaged.

Issued : February 7, 1940.

Summary

(1) Sirup sold directly to the consumer must meet
State and Federal specifications.

(2) The package and label must meet State and
Federal specifications.

(3) Know your State law and Federal specifica-
tions governing the retail sale of maple
products.

MAPLE PRODUCTS

Many producers have found that the gross re-
turns of their maple crop can be increased from
20 to 160 percent by converting their sirup to
sugar or to confections such as maple cream, soft
sugar candies, and maple spreads. The 8 pounds
of sugar in a gallon of sirup is worth 75 cents a
pound, based on sirup selling at $6 per gallon.
This same weight of sugar, if converted to sugar

roducts, can be sold at prices ranging from $1 to

2 per pound or a gross of $8 to $16 per gallon of
sirup. This increase in gross returns is usually
more than commensurate with the additional labor
involved in converting sirup to sugar products.

Equipment

Making the different maple sugar products is
not difficult, nor does it require expensive or un-
usual equipment. It does require the same type
of care and sanitation that is expected of any candy
company. Maple confections should be made in
a special room, either in the home (fig. 104) or in
a part of the evaporator house (fig. 105). Insome
States the law specifies that confections for sale
cannot be made in the home kitchen.

High-pressure steam is the ideal source of heat
for evaporating sirup in making confections.
High-pressure steam heat can be easily and instan-
taneously controlled; and, unlike other types of
heat, there is no danger of scorching the sugars.



Figure 104.—A porch converted to

‘When steam is not available, gas is preferred. | Gas
heat is also easily controlleg (fig. 106). Bottled
gas is available almost everywhere.

The size of the equipment (kettles, mixers, and
pans) depends on the amount of sirup to be proc-
essed. A thermometer with a range of 200° to
300° F. in 1° units is a necessity ; it can be either a
dial thermometer or a candy thermometer. Qther
equipment includes measuring cups, wooden ladles,
wooden paddles, and a household scale. Provi-
sion should be made for cooling the sugar prod-
ucts. This is especially desirable when making
maple cream, fondant, or crystal-coating sirup.
The cooler for cream can be a trough with circu-
lating cold water into which the pans of cgoked
sirup are placed. A pan of chipped ice or ice
water may also be used. For ecrystal-copting
sirup, an insulated box, such as a used refrigerator
from which the cooling unit has been removed,
may be used.

Maple Sugar
Chemistry of Maple Sugar

Maple sirup is essentially a solution of sucrose
in water. The amount of sugar that can be in true

a candy kitchen and salesroom.

solution in a given volume of water varies with
the temperature of the solution (10, 11, 44, 74).

' Hot solutions can contain more sugar and cool solu-

tions less sugar.

Maple sirup solutions containing 67 percent of
sugar (67° Brix) are saturated at room tempera-
ture (68° F.). That is, no more sugar can be dis-
solved in the solution at that temperature. Sirup
that has been heated to raise the boiling point of
the sirup to 7.5° F. or more above the boiling point
of water will be supersaturated when it cools to
room temperature; it will contain more than 67
percent of sugar. This supersaturated sirup, with
its excessive sugar content, is in an unnatural or
abnormal condition, and it tends to return_ to
normal by ridding itself of the excess sugar so that
the sirup will again contain only 67 percent of
sugar. The excess sugar is forced out of solution
(precipitated), and sugar crystals are formed.
The slower this occurs, the larger the sugar
crystals.

To make any of the maple sugar products, it is
necessary first to make supersaturated sirup. The
degree of supersaturation is increased as the boil-
ing temperature of the sirup is increased and more
water is evaporated from the sirup. When the



Figure 105.—A separate room built in the evaporator house makes

an ideal candy kitchen.

amount of supersaturation is small and cpoling is
slow and is accompanied by little or no agitation,
the state of supersaturation may persist for a long
time; and little sugar will be precipitated| When
the amount of supersaturation is appreciable, as
when sirup is boiled to 18° F. or more above the
boiling point of water (11° or more above that of
standard-density sirup), the sirup will appear to
solidify on cooling. This solid cake ig mostly
sugar, but some liquid sirup (mother liquor) is
mixed with the sugar.

. Formation of Crystal Sugar

’ The crystalline or grainy nature of the [precipi-
tated sugar is determined by a number of|factors,
all of which are influential in making the desired
type of confection (76). These factors include the
degree of supersaturation, seeding, the rate of cool-
ing, and the amount and time o stirring.

arge crystals called rock candy, which repre-

sent one extreme, are formed when slightly super-
saturated sirup (67° to 70° Brix) is cooled slowl
and stored for a long time without agitation.
glasslike noncrystalline sirup represents the other
extreme. This is formed when highly supersatu-
rated sirup (the boiling point is elevated 18° F.
or more above the boiling point of water) i
rapidly to well below room temperatu
out stirring. The sirup becomes so viscous that
it solidifies before crystals can form and
the hot supersaturated sugar solution 1s| stirred
while it is cooling, the tendency to form crystals
increases. The mechanical shock produced by the
stirring causes microscopic crystal nuclei to form.
Continued stirring mixes the crystals throughout
the thickened sirup, and they grow in numbers and
in size. When the number of crystals is relatively
small, stirring causes the largest crystals
larger at the expense of the smaller ones.

rainy sugar tends to become more grainy the
onger it is stirred.

Figure 106.—Gas, whether supplied from tanks or mains, is ¢«

good source of heat for cooking ple products. The heat is
easily controlled and can be stopped the instant king is

completed. Here, sirup is being I

ked for ple c

To produce maple sugar with crystals that are
imperceptible to the tongue (impalpable), the
crystals must be kept very small, even microscopic
in size. This is accomplished by first suddenly
cooling a hot, highly supersaturated sirup so that
a viscid, noncrystalline, glasslike mass is obtained.
Then while it is still in this supersaturated state,
fine crystals, called seed, are added to serve as
nuclei, and stirring is begun. Since the mass is so
highly supersaturated billions of tiny crystals are
formed at the same time, and the result is a very
fine grained product.

Invert Sugar

Although sucrose is the only sugar in sap as it
comes from the tree, some of the sucrose is changed
into invert sugar as a result of microbial fermenta-
tion during handling and processing. Both
sucrose and invert sugar are made up of two simple
sugars, dextrose and levulose. In sucrose, these
sugars are united chemically as a single molecule;
in invert sugar, they occur as separate molecules.

A small amount of invert sugar is desirable in
maple sirup that is to be made into maple sugar
and maple confections. Invert sugar tends to re-



duce supersaturation, that is, more sugar can ve
held in solution before crystallization occurs.” This
helps keep the product moist (55). Also, it en-
courages the formation of exceedingly small sugar
crystals. But too little invert sugar in the sirup
will cause the product to be grainy ; too much may
prevent formation of crystals (creaming) as re-

quired for making maple cream. In general, all
grades of maple sirup contain some invert sugar,
the amount varying with the different grades.

Fancy has the least ; and U.S. Grade B or unclassi-
fied, the most. Thus, the grade of sirup should be
a determining factor in selecting sirup for making
a specific confection.

. simple chemical test to determine the amount
of invert sugar in maple sirup is descri on
page94. If the amount of invert sugar in the sirup
1s so small that a fine crystalline product cannot
be made, a “doctor” solution is required (53).

“Doctor” Solutions

The simplest “doctor” solution and the [one
most commonly used is U.S. grade B pure maple
sirup, which 1s naturally rich in invert sugar
(more than 6 percent, as determined by the chemi-
cal test described on p. 94). As a rule, dark sirup
made from sap produced during a warm spell

tains a high percentage of invert sugar. The addi-.

tion of 1 pint of this doctor sirup to 6 gallo
maple sirup low in invert sugar (less than 1 per-
cent) usually will correct invert deficiency. |-

When sirup with a high content of invert sugar
is not available, the doctor solution can be pre-
pared as follows: To 1 gallon of standard-density
maple sirup add 214 liquid ounces of invertase|(an
enzyme that causes the inversion of sucrose to in-
vert sugar). Stir the mixture thoroughly |and
allow it to stand at room temperature (65° K. or
above) for several days. During this time sufficient
invert sugar will form so that 1 pint of this solution
can be used to doctor 6 gallons of maple sirup|low
in invert sugar. Invertase may be purchased from
any of the confection manufacturers.

Another convenient type of doctor is an acid
salt such as cream of tartar (potassium acid ftar-
trate). Addition of 14 teaspoon of cream of ftar-
tar to 1 gallon of low-invert sirup just before it
is boiled for candy making will cause sufficient
acid hydrolysis or inversion of the sucrose to form
the desired amount of invert sugar.

Maple Cream or Butter

The amount of the maple sirup crop that is
being converted into maple cream or butter has
been increasing rapidly. Some producers have
built up so large a demand for this confection that
they convert their entire sirup crop to cream.
Some producers- make from 2 to 3 tons of this
confection annually.

Maple cream (76, 77), a fondant-type confec-
tion, is a spread of butterlike consistency. It is

made up of millions of microscopic sugar crystals
interspaced with a thin coating of saturated sirup
(mother liquor). The crystals are impalpable to
the tongue and give the cream a smooth, nongritt;

texture. The hgrst step in making maple cream
is to make a supersaturated sugar solution. This
solution is cooled to room temperature so quickly
that crystals have no chance to form. The cooled,
glasslike mass is then stirred, which produces the
mechanical shock necessary to start crystallization.

Sirup for Creaming

For best results, U.S. Grade AA (Fancy) or
U.S. Grade A (No. 1) maple sirup should be used.
However, any sirup may be used providing it con-
tains less than 4 percent of invert sugar.

Invert Sugar Content

The amount of invert sugar in the sirup selected
for creaming should be determined by the simple
chemical test described on page 94. Sirup that
contains from 0.5 to 2 percent of invert sugar
should make a fine-textured cream that feels

_smooth to the tongue. Sirup with from 2 to 4 per-

cent of invert sugar can be made into cream by
heating it to 25° F. above the boiling point of
water (instead of the usual 22° to 24°). Sirup
with more than 4 percent of invert sugar is not
suitable for creaming. It will not crystallize, or
it will crystallize only if heated to a much higher-
than-normal temperature. However, the cream
will be too fluid and probably will separate a few
days after it is made.

The belief throughout the maple-producing arer
that maple cream should be made only from first-
run sirup and that all first-run sirup will yield a
good cream is false. It is the amount of invert
sugar in the sirup that determines its suitability
for creaming, not the run of sap from which the
sirup is made. The amount of invert sugar
formed is directly proportional to the amount of
microbial fermentation of the sap. This, in turn,
isrelated to the temperature. Unseasonably warm
weather is not uncommon during the first period
of sap flow. Warm weather favors fermentation
of the sap, and sufficient invert sugar is produced
to make the early-run sirup unsuitable for making
into cream.

Since most Fancy and Grade A sirup normally
contains an adequate amount of invert sugar, the
use of a doctor solution is not recommendeg.d The
addition or formation of too much invert sugar
will ruin the sirup. Sirup for creaming should
be selected on the basis of the quick test for invert
sugar.

Cooking and Cooling

The sirup is heated to a temperature 22° to 24°
F. above the boiling point of water (33). (The
temperature of boiling water must be established
at the time the sirup is boiled for creaming.) The
boiling temperature indirectly adjusts the amount



of sirup (mother liquor) left surrounding the crys-
tals; this, in turn, governs the stiffness of the final
Eroduct. As soon as the boiling sirup reaches the
esired temperature, it should be removed from the
aeat and cooled quickly. If the cooked sirup is
left on the hot stove (even with the heat turned
off), enough additional water will be evaporated to
proéuce a more concentrated sirup than desired.
Rapid cooling is necessary-to prevent crystalli-
zation. To provide a large cooling surfate, the
sirup is poured into large, flat-bottom pans; The
layer of sirup should be not more than 1 to 3/inches
deep. The pans are set in a trough through| which
cold water (85° to45° F.) is flowing (fig. 1073.
The sirup is cooled to at least 70° K., and pre-
ferably to 50° or below. It is sufficiently cool
when the surface is firm to the touch. If crystals
alppear during the cooling process, cooling 1s too
slow, the pan was agitated, or the invert sugar con-
tent of the sirup is too low for the cooling|condi-
tions. This situation can be corrected either by
more rapid cooling (using thinner layers of sirup
or more rapid flow of cold water) or by increasing
ghe invert sugar content of the sirup by use of a
octor.

Creaming

The chilled, thickened sirup should be creamed
either by hand or mechanically in a room having a
temperature of 70° F. or above. Many producers
have developed their own mechanical cream peaters
(fig. 108) ; also, there are a number of inex pensive
ones on the market.

, The homemade maple cream beater (fig. 109)
~ lonsists of a pan approximately 13 inches in di-

Figure 107.—Sirup that has been concentrated for creaming is
poured immediately into large, flat-bottom pans, whith are set
in flowing cold water to cool to well below room temperature.
The sirup is sufficiently cool when the surface is ﬁrm to the
touch.

Figure 108.—Homemade cream beaters in which the stirrers are
held stationary and the pan is rotated at approximately 50
r.p.m.

ameter that holds about 1.5 gallons of cooked sirup.
In this beater, the scrapers are held stationary and
the pan revolves at 40 to 50 revolutions per minute.
In other beaters, this procedure is reversed. Both
types worked equally well.

A hardwood paddle having a sharp edge 2 or 3
inches wide is used for hand beating (stirring).
The cooked sirup is poured onto a large flat pan
such as a cookie tin. The pan is held firmly, and
the thick sirup is scraped first to one side and then

‘to the other. Mixing should be continuous. If

stirring is stopped, some of the crystals will grow
and make the product gritty.

While being stirred, the chilled sirup first. tends
to become fluid and then begins to stiffen and show
a distinct tendency to set. At this time the batch
loses its shiny surface (fig. 109). If creaming is
stopped too soon, that is, while the batch is too
fluid, large crystals will form.

Figure 109.—At the beginning of the creaming operation, the

butterlike mass has a shiny surface. When the surface be-

comes dull, cr ing is plet




To hasten the creaming process, a small amount
of “seed” (previously made cream) can be added
to the glasslike chilled sirup just before beating.
The addition of 1 teaspoonful of seed for each
gallon of cooked sirup will provide crystals to
serve as nuclei for the more rapid formation of
crystals. The entire creaming process may require
from 1 to 2 hours, depending on the size of|the
batch, but the use of seed will often shorten|the
time by half.

Holding Cream for Delayed Packaging

Often it is not convenient to package the cream
at the time it ismade. In this case, it can be stored
or aged for periods from 1 day to several weeks
in ti%htly covered glass or earthen vessels, pre-
ferably under refrigeration. Many candymakers
believe that aging a fondant is desirable because
it permits the crystals to equalize in the saturated
sirup. Some producers age the cream 1 day by
holci)ing it in an open pan covered with a damp
cloth; they Eackage the second day without| re-
wetting. Other producers remelt the aged cream
for ease of pouring and packaging by carefully
heating it in a double boiler (90). The tempera-
ture of the cream during this reheating must|not
go above 150° F. (The temperature can be ¢on-
trolled by not permitting the water in the double
boiler to go above 150°.) If the temperaturg of
the cream exceeds 150°, too much sugar will be
dissolved, and large crystals may form when| the
remelted cream is cooled and stored.

Packaging and Storing

Maple cream can be packaged in tin, gpass,
plastic, or wax-paper cups. Containers with wide
mouths are best for easy filling. Care must be
taken to keep air bubbles from forming, especially
when the cream is packaged in glass because the air
bubbles are unpleasing in appearance and create
the impression the package is short in weight.
Furthermore, air pockets provide a place where
the separated mother liquor can collect, and |this
also produces an unpleasant appearance.

Freshly made cream should be packaged|im-
mediately, before it “sets up” (fig. 110), or within
a day if it has been covered and set aside to age.
Remelted cream should be packaged while it is|still
warm and fluid. Since maple cream is a mixture
of sugar crystals and saturated maple sirup,
ing packaged cream at 70° F. or above will
more sugar to be dissolved. The sirup tends to
separate as an unattractive, dark, liquid layer on
the surface of the cream. This sirup layer|also
forms if the cream is stored at fluctuati
ter’xi%eratures.

e cream is best stored at low temperature,
preferably under refrigeration and at constant
humidity. If the cream is packaged in glass or
other moisture-proof containers, it can be stored
in refrigerators for long periods, with little dan-
ger of the saturated sirup in the cream separating.

Figure 110.—The finished or remelted cream is sufficiently fluid to

be poured into containers. Use of widemouth jars makes filling

and emptying easy.

Fondant

Fondant, a nougat-type candy, is known in_
Ohio as maple cream because of its very fine crys{
talline character. Fondant is made in exactly the™
same manner as maple cream except that the sirup
is heated to a higher boiling point (27° F. above
the boiling point of water.) The thickened sirup
is cooled to 50° and stirred as for creaming. Since
there is less sirup left in the fondant, it will set
up to a soft solid at room temperatures. Small
amounts can be dropped on a marble slab, waxed
papgr, or a metal sheet; or it can be packed into
molds.

Soft Sugar Candies

Next to maple cream the making of soft sugar
candies is gaining in popularity. Like maple
cream, 8 pounds of soft sugar candies can be made
from 1 gallon of sirup.

Soft-sugar candies contain little or no free
sirup, so they are stiffer than maple cream. The
crystals in soft sugar candies are larger than in
maple cream and are palpable to the tongue, but
they should not be large enough to produce an un-
pleasant sandy effect. - The candies can be made
from any of the top three grades of sirup: U.S.
Grade AA (Fancy), U.S. Grade A (No. 1), and
U.S. Grade B (No. 2). Unlike maple cream, a
small amount of invert sugar is desirable because
it reduces the tendency to produce large crystals
that give the candies a grainy texture. The invert



sugar content can be increased by adding (1) a
doctor solution consisting of 1 pint of dark sirup
_to 6 gallons of table grade maple sirup, or (2) a
“doctor consisting of 14 teaspoon of cream|of tartar
“to 1 gallon of low invert sirup. Use the quick test
for invert sugar to check the sirup to be|used for
candy making.

Cooking, Cooling, and Stirring

The sirup is cooked to 32° F. above t.
E‘Oint of water established for that time and place.
he pans of cooked sirup should be cooled slowly
on a wooden-top table to 155° F. (as tested with a
thermometer). The thick sirup should then be
stirred, either by hand with a large spoon (fig.
ll%znc:r with a mechanical mixer.
ile the sugar is still soft and plastic, it is
poured or packed into rubber molds of |different
shapes. Packing the molds is best dong with a
wide-blade putty knife or spatula (fig. 113).
Rubber molds for making candies of different sizes
and shapes can be purchased from any maple
equipment supplier. Before use, thg molds
should be washed with a strong alkali spap, well
rinsed, and dried. They should then be coated
with glycerine applied with a brush.| Excess
glycerine is removed by blotting with a soft cloth.

boiling

Figure 111.~—Many types of kettles may be used for [cooking the

sirup for making soft sugar candies. Where high-pressure
steam is available, a steam-jacketed kettle is ideal since it
permits cooking the sirup without danger of scorching.

Figure 112.—The thick supersaturated sirup is stirred until sugar
crystals form and grow large gh to be palpable but not
large enough to be gritty.

Figure 113.—The partly crystallized sirup is packed into molds

while it is still plastic. In a few hours crystallization is com-
plete, and the candies are firm and can be removed from the
molds.

If the rubber mold contains too much carbon, it
will make a mark on the molded sugar. To test
for too much carbon, rub the mold on white paper.

The Bob.—Another method of preparing the
sugar so that it can be run into the molds is that
used by commercial confectioners. After stir-
ring, the soft sugar is set aside for a day to firm
and age. The following day it is mixed with an



equal amount of “bob,” and the mixture is
into the rubber molds while it is still fluid.

The bob (76) is sirup that is boiled to exactl
the same boiling point as used in making the s f%
sugar (32° F. above the boiling point of water).
As soon as the bob is made and while it is still
hot, the sugar made the previous day is added|to
it, and the mixture is stirred enough to get upi-
formity but not enough to cause.it to set up. The
hot bob partly melts the sugar, and the resulting
semiliquid sugar can be poured easily.

Semicontinuous Process—Ingenuity can |be
used in candy making. For example, one pro-
ducer has developed the following semicontinugus
process: The sirup is cooked in a special vessel
(fig. 114) from which the cooled sirup is dispensed
to a small mechanical agitator (fig. 115).

Here the sirup is partly crystallized, and while
it, is still fluid it is run into the rubber molds where
crystallization is completed. It sets up in |30
minutes to 1 hour. Candies formed by pouring
rather than packing have an attractive glazed
surface.

Crystal Coating

Candies can be prevented from drying by caat-
ing them with a moisture-impervious shell made
from crystalline sucrose (90). The effect | of
crystal coating soft sugar candies is shown| in
figure 116. The crystallizing sirup is made as fol-
lows: Fancy maple sirup low in invert sugar is
heated to 9.5° to 11° F. above the boiling point of
water. This supersaturated sirup should have a
Brix value of 70° to 73° at a temperature of £8°
and 63.5° Brix at 210° (hot). One gallon of

Figure 114.—A special candy-cooking kettle has one end shaped
like a funnel and is provided with a spout and shutoff. After
the cooked sirup has cooled but while it is still fvid, the kettle

is ted in an upended position and the sirup is run out
through the shutoff. (Cooker designed by Lloyd H. Sipple,
Bainbridge, N.Y.)

Figure 115.—A continvous candy beater of simple design. The
cooked sirup is run in a small stream from the cooking kettle
to the beater, which consists of a rotating worm in a metal
trough. The worm beats the sirup, crystallizes it, and then
drives the semiliquid sirup to the drawoff cock that controls the
flow of the sirup into the molds. (Beater designed by Lioyd H.
Sipple, Bainbridge, N.Y.)

Figure 116.~—Crystal-coated candies: Left, Freshly made, uncoated
candies; center, uncoated candies that have been stored 3 months
at room temperature—the unattractive appearance is caused by
drying; right, these candies, made at the same time as those in
the center, were coated with sugar crystals, which prevented
loss of moisture. They have kept the appearance and charac-
teristics of fresh candies.



standard-density sirup (65.5¥ Brix) will make
pints of crystallizing sirup (70° to 73° Brix).

The hot, heavy sirup can be set aside to cool
where it will not be disturbed by jarring or shak-
ng, or it can be transferred immediately to large
srystallizing pans. To retard surface crystalliza-
tion (caused gerapid cooling of the surface), the
sirup should covered with a piece pf damp
cheesecloth or paper (preferably the same kind
used as a sirup prefilter, since it has a high wet
strength). The cloth or paper must be in contact
with the entire surface of the sirup. If crystals
form, they will attach themselves to this cover
and can be removed along with the covering. The
sugar crystals can be recovered by rinsing the cover
in hot water.

The candies to be coated should be dry (24 hours
old). They can be coated by either of two methods.
In one method, the candies are loosely packed
two or three layers deep in a tin pan, such as a
bread tin, which has a piece of 14-inch-mesh hard-
ware cloth in the bottom. The covering is re-
moved from the cool (70° to 80° F.) crystallizing
sirup, and any crystals not removed with the cover
are skimmed off.

In the other method, the candies are loosely
placed in wire mesh baskets of such size as to per-
mit submerging both the baskets and the dried
candies below the surface of the crystallizing
sirup (figs. 117 and 118). A fresh cover |is placed
directly on and in contact with the entire surface
of the sirup and left at a temperature of 65° to 80°
F. for 6 to 12 hours, or overnight. This is the
crystallizing period. The major part| of the
crystal coat forms on the candies during|the first
few hours. Therefore, the time the candies are
left in the crystallizing sirup beyond & 6-hour
period is not too critical. Actually, the most im-
portant factor is the Brix value of the crystalliz-

Figure 117.—A french-fryer blanching assembly provides a practi-
cal means for crystal coating maple candies on a small scale.
The dies are placed in the basket for crystallizing in the
thick sirup and are left in the basket to drain. The drained
sirup is caught in the sirup pan and is used for mgking other
lots of candies.

Figure 118.—A large crystallizing pan for use in a constant-

temperature cabinet. Hangers are attached for suspending
baskets for draining candies after crystal coating.

ing sirup; if too high, coarse crystals result.
Sugar comes out of the thick sirup and is deposited
and grows on the millions of tiny crystals on the
surface of the candies. The best density of the
sirup should be determined by trial runs. When
sufficient sugar has been deposited on the candies,
the paper or cloth cover is removed, and the wire
baskets of coated candies are lifted out of the
sirup and supported above the trays of sirup until
the candies have drained.

After the sirup has drained from the candies
(one-half hour) the candies are dried by remov-
ing all remaining drops of sirup. Failure to do
this results in areas having a glazed (noncrystal-
line) surface that is not a water barrier and that
permits the candies to dessicate (dry out) during
storage. Dessicated spots appear as white areas.

The drained candies can be freed of any remain-
ing drops of crystallizing sirup by two methods.
In one method the candies are spread out (one
layer thick) on a sheet of paper and each piece is
turned over at intervals of 1 to 2 hours. In the
other method, each piece of candy is wiped with
a damp sponge to remove any moist areas. The
dry candies are placed on trays (fig. 119) ; the bot-
toms of the trays are made of 14-inch hardware
cloth. The trays of candies are set in racks to
complete the air-drying process at room tempera-
ture. This usually requires from 4 to 7 days.
After drying, the candies are ready for packaging.
Candies should not be crystal coated on humid or
rainy days because they will not dry properly. If
candies are not thoroughly dried, their coating will
dissolve when they are packaged.

The packages have two functions: (1) To make
the candies as attractive as possible, and (2) to
keep them in good condition (fig. 120). Boxes,
individual wrappings, and candy cups can be ob-
tained from a confectioner’s supply house. The
net weight of the candies must be stated on the
oustide of the package. This requires that the
weight of the box (tare) and the net weight of
the candies be determined for each box.



crystallizing sirup and wiped, they are put on wire screer *-ays
and placed in racks for air drying before packaging.

Figure 120.—Packaging sugar candies, a popular confection dften
used as one of the items in a gift package.

Candies that have been crystal coated have rela-
tively good shelf life; they do not tend to take
up moisture or to dry out. Candies that are not
crystal coated may do either, depending on the
humidity of the room in which they are stored. |In
a room of low humidity, they will lose moisture.
The dried-out areas will appear as white spots and
will become stonelike in hardness. If the humid-
ity is high, the candies will take up moisture, and
moist areas or droplets of water will appear jon
the surface. The droplets become dilute sugar
solutions and are good sites for mold growth. The
humidity of the packaging room can be controlled
by a dehumidifier and air conditioner.
package on rainy days.

The best type of wrapper for the outside |of
the candy package is one that is moisturepropf,

such as metal foil or wax-coated paper. A mois-
tureproof wrapper helps to prevent changes in the
candies during storage. Unfortunately, most
wrappers are not completely moistureproof.
They reduce the gain or loss of moisture but do"
not prevent it, especially if the candies are stored
under excessively high or low moisture conditions
or for long periods. Some packers of maple con-
fections obtain longer storage by puncturing the
moistureproof wrapper with many small holes to
permit the package to breathe.

Maple Spread

Maple cream, described on page 82, is not stable
when stored at room temperature because saturated
sirup (mother liquor) tends to separate from the
cream and cover it with a sirup layer.

- A new semisolid dextrose-maple spread has been
developed that prevents this separation of sirup.
Also, it requires no heating or stirring.

The process for making the spread consists of
three simple steps: (1) The sirup is concentrated
by heating it to a density of 70° to 78° Brix; (2)
Eart of the sucrose is converted to invert sugar

y enzymatic hydrolysis; and (8) the dextrose
(part of the invert sugar) is crystallized to form
a semisolid spread.

Standard-density maple sirup (65.5° Brix) is
heated to about 10° F. above the boiling point of
water (approximately 76° Brix), and then cooled
to 150° or below (as tested with a thermometer).
While the sirup is still fluid, invertase is added at
the rate of 114 ounces per gallon of sirup and thor-
oughly mixed with the sirup by stirring. The
enzyme will be inactivated and hence ineffective
if it is added while the sirup is too hot (above
160° F.). The enzyme-treated sirup is stored at
room temperature for 1 or 2 weeks. At first, crys-
tals (sucrose) appear, but they do not form a solid-
cake, and as the hydrolyzing action of the enzyme
progresses, the crystals dissolve. The result is a
crystal-free, stable, high-density sirup (70° to 78°
Brix) containing a large amount of invert sugar.
This sirup will remain clear at ordinary tempera-
tures. Because of its high density, it makes an
excellent topping for ice cream and sirup for waf-
fles or pancakes.

Maple spread is made by seeding this high-
density sirup with dextrose crystals. A crystal-
line honey spread, a stock grocery item, is a con-
venient source of dextrose crystals for seeding the
first batch. For additional batches, crystals from
previously made lots of the maple spread may be
used as seed. The dextrose crystals are added at
the rate of 1 teaspoon per gallon of high-density
sirup and thoroughly mixed with thesirup. After
mixing, the sirup is poured into packages and set
aside at a temperature of 55° to 60° F. Within
a few days a semisolid spread forms. It is stable
at temperatures up to 80° F. If refrigerated, it



Wil Keep Indelnitely without any sirpp sepa-
rating.
Maple spread eliminates the labori hand
jbeating or the expensive machine beaters|required
for making maple cream. Furthermore, the yield
of maple spread per gallon of sirup is higher, be-
cause it is made from sirup concentrated to be-
tween 70° and 78° Brix, whereas sirup for maple
cream is concentrated to 80° Brix.

Fluffed Maple Product

In making the maple products described in the
preceding pages, only sirup low in invert sugar
should be used, except for that used as a doctor.
These products, therefore, are primary uses for the
top grades of table sirup, U.g. Grade AA, U.S.
Grade A, and U.S. Grade B.

A new maple product called fluff, has been de-
veloped at the Eastern Utilization Research and
Development Division (722), which can
from the lower grades of sirup (sirup|high in
invert sugar). In addition, it has a number of
other advantages. Some of these advantages are:

S}) There is a large overrun because the volume of
the cooked sirup 1s increased by incorporating air
during the beating process; (2) the new|product
contalns a higher percentage of water than does
maple cream so that a larger volume can|be made
from 1 gallon of standard-density sirup; (3) the
monoglyceride used in the formula tends fo reduce
its apparent sweetness and make it more
but without loss of the maple flavor; an
time reguired to whip it is only a fraction of that
/required for making maple cream. The fluffed
product has excellent sYreading properties and
has an imgalpable crystal structure. ile there
is less tendency for the fluff to bleed, it does tend
to become somewhat grainy, especially i
too long. This tendency to grain is retarded by
storing the fluff under refrigeration.

Making the Fluff From Maple Sirup

Heat the sirup until its temperature has been
elevated 17° F. agove that of boiling water, Allow
it to cool, with occasional stirring, to between 175°
and 185° F. (as tested with a thermometer]).
highly purified monoglyceride (Myverol (18-00) *
equal to 1 percent of the weight of the maple sirup
used, that is, 0.11 pound (14 cup) per gallon or 2
level teaspoonfuls per pint. Dissolve the mono-
glyceride by adding it slowly and stirring| If the
sirup cools below 145°, the monoglyceride|will not
dissolve. Cool to between 150° and 160° and whip
the mixture with a high-speed (household) beater.
Fluffing should occur within 2 minutes.

Making the Fluff From Maple Sirup and Maple Sugar

To 1 cup of pure maple sirup (any grade) add
14 cup of maple sugar and heat the mixture until

’YProduced by Distillation Products Industry,
N.Y.

the sugar 1s completely dissolved. Do not boil.
Cool to between 175° and 185° F. with occasional
stirring. Add slowly, and stir until dissolved 1
teaspoonful of Myverol 18-00 for each cup of sirup.
Cool to between 150° and 160°, and whip the mix-
ture with a high-speed (household) beater. Fluff-
ing should occur within 2 minutes.

* The sugar must be completely in solution at the
time it is whipped to prevent a grainy texture. If
sugar crystals do form, they may be redissolved
by heating the suspension ; but loss of water must
be avoided, and no more Myverol need be added.

Excessive heating of the Myverol tends to cause
it to lose its properties.

The texture and consistency of the fluffed prod-
ucts can be varied as follows:

(1) Whipping Time—As time of beating
lengthens, the stiffness of the product increases.
The initial, thin whip can be used as a topping for
ice cream or other desserts. The stiffer product
is an excellent spread or icing for bakedp goods.
(The beating time will be affected by the tempera-
ture of the mixture at the start of the beating.
The higher the temperature, the longer it will take
to reach a given consistency.)

(2) Ratio of Sugar to Water—The higher the
sugar content of the mixture in relation to the
water content at the time the sugar-water-stabilizer
mixture is whipped, the greater the consistency of
the fluffed product will be.

High-Flavored Maple Sirup

As stated earlier, the color and flavor of maple
sirup result from a type of browning reaction that
occurs between constituents of the maple sap dur-
ing evaporation. Experiments have shown that
all the potential flavor is not developed during the
usual evaporation process (737). To develop:
maximum flavor, the browning reaction must be
carried further; that is, the sirup must be heated
to a higher temperature and for a longer time.

- Unfortunately, high temperatures favor the for-
mation of an acrid “caramel” flavor. The pres-
ence of large amounts of water favor caramel for-
mation and the presence of some caramel in the
initial sirup accelerates it (82). Therefore, onl
the two top grades of sirup—U.S. Grade A
(Fancy) or U.S. Grade A (No. 1)—should be used
in making high-flavored maple sirup. It may be
made by the atmospheric process (138), by the
constant-volume pressure-cooking process (126),2
or by the new continuous process.

High-flavored maple sirup made from U.S.
Grade AA or U.S. Grade A sirup by either process
will have a strong full-bodied flavor four to five
times that of the sirup from which it was made,
and it will be essentially free from caramel.

® Described in U.S. Patent 2,054,873 issued to George S.
‘Whitby on September 22, 1936. This patent has expired,
and the nrocess is now available for free nse hv the nublic.



The high-flavored process does not concentrate
the flavor; instead, it develops more maple flavor
than present in the original sirup.

Atmospheric Process

In the atmospheric process the sirup is coucen-
trated at atmospheric pressure by heating to a boil-
ing temperature of 250° to 255° F. This reduces
the water content of the sirup to approximately 10
percent. The sirup is held at this temperature for
114 to 2 hours. It is then cooled, and water is

added to replace that lost in evaporation so that

the sirup is again of standard density.

Because of the low moisture content of the sirup
during the cooking period, there is danger of
scorching if it is heated in a kettle on a stove or
other hot surface. It is recommended, therefore,
that the high flavoring process be conducted with
high-pressure steam in a steam-jacketed kettle or
in a kettle provided with a steam coil (chart|22).

The first step of the process—removing the water
from the sirup—should be done as rapidly as pos-
sible. Steam pressure of from 30 to 100 pounds
should be used.- As soon as the sirup reaches a
temperature of 252° F., the steam pressure is re-
duced until only enough heat is applied to maintain
the sirup between 250° and 255°. Usually a steam
pressure of 20 to 28 pounds is sufficient. A
is placed over the kettle to prevent further 1

\ STEAM OR WATER
DRAIN CONNECTION
Chart 22.—Kettle with steam coil can be built in any tin shc . It

is not as convenient to use as a tilting-jacketed kettle, but very
satisfactory results can be had with it. Like the steam-jacketed
kettle it must be operated with high-pressure steam and the
condensed water must not be allowed to collect in the| coils.
Provision should be made for running cold water through the
coils for coolina the sirup-

water through evaporation. 'I'he cover need not
be airtight. Because of the high viscosity of the
sirup, little water will be vaporized.

A thermometer calibrated in 1° intervals, with a
range that includes 250° to 300° F., is kept in the
sirup during the high-flavoring process. If the
temperature of the sirup rises above 255° during
the holding period, the steam pressure should be
decreased. To prevent formation of crystals, the

sirup should not be stirred or agitated during the

high-flavoring process.

The end of the heating (cooking) period is best
determined by odor. The cover 1s lifted, and a
handful of steam is scooped up and brought toward
the nose; heating is stopped as soon as an acrid
caramel odor is detected in the steam. Care must
be taken not to get a steam burn. Always bring
the hand to the nose; do not bend over the kettle.

At the end of the cooking period, the thick,
supersaturated sirup is cooled to 180° F. Approx-
imately 8 pints of water is added for each gallon
of sirup originally used to replace the water lost
in evaporation and restore the sirup to standard
density. Extreme caution must be exercised in
adding the water because the water will be con-
verted to steam with explosive violence if the sirup
has not cooled to a temperature below the boiling
point of water.

After addition of the water, the sirup is again
brought to a boil and heating is continued until
the temperature reaches that of standard-density
sirup (7° F. above the boiling point of water).

As flavor and color in sirup develop initially to
the same degree, flavor development in the treated:
sirup may be measured indirectly by measuring
the increase in its color. A sample of the high-
flavored, standard-density sirup is weighed and
then diluted with a colorless cane sugar sirup hav-
ing a density of 65.5° Brix as measured with a
hydrometer or refractometer. The colorless sirup
is added slowly to the high-flavored sirup, with
thorough stirring, until the mixture matches the
color of the original maple sirup. Then the mix-
ture is weighed. The increase in color and flavor
is determined by the ratio,

Weight of mixed sirup

Weight of high-flavored sirup =Increase in flavor

This procedure can be used to follow the progress
of the high-flavoring process, since different lots
of sirup of the same grade develop flavor at
slightly different rates. A sample is removed
periodically from the cooking sirup and weighed.
Enough water is added to restore the sample to
standard density (65.5° Brix), and its increase in
color and flavor is determined. The tests are easy
to make; the 2-ounce French square bottle supplied
with the U.S. Color Comparator (described on
p. 75) are used. The high-flavor process and its
end uses are shown in figure 121.



A NEW MAPLE PRODUCT
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RETAIL PRICE , QUACHATLE o $333
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igure 121.—A schematic drawing showing the high-flavoring
process and its use in making blended sirup and as a food
flavoring.

‘ressure-Cooking Process

Many maple producers do not have 1igh-};1)res-
jure steam equipment. They may make high-
lavored sirup by the pressure-cooking process
(126).° 1In this process, standard-density sirup is
1eated in a closed vessel, such as an autoclave or
rdinary pressure cooker at 15 pounds| pressure.
3est, results are obtained when the sirup 1s heated
o a temperature of 250° to 253° F. as in the atmos-
>heric process.

In the pressure-cooking process, the water con-
ent of the sirup is 34.5 percent during heating
-ather than 10 percent, as in the atmospheric
yrocess. The higher water content favors forma-«
ion of caramel. However, the rate at which cara-
nel forms depends on the original caramel content
»f the sirup. The higher the caramel content in
he original sirup, the greater the amount formed
n the product. Since the amount of
:irug is related to the amount of color,
3rade AA (Fancy) or U.S. Grade A (Np.
should be used to make high-flavored sirup by the
sressure-cooking process. Darker grades usually
-esult in an unpalatable product.

The sirup is heated almost to boilin,
nediately is transferred to jars, which are filled to
vithin 15 inch of the top. The lids are set loosely
n place, and the jars are placed in an aytoclave or
yressure cooker, which contains the amonnt of wa-

° This patent, which was issued to George S| Whitby on
september 22, 1936, has expired. Therefore,| the process
s available for free use by the public.

ramel in-

ter specified by the manufacturer. The cover of
the cooker is assembled, and steam is generated ac-
cording to the manufacturer’s directions. The
sirup is heated at 15 pounds’ pressure for approxi-
mately 115 hours. Then the pressure is decreased
slowly to zero without venting or quenching. The
contalners must not be jarred or the sirup may boil
over.

Uses of High-Flavored Sirup

High-flavored sirup has a number of uses. Be-
cause it is richer in maple flavor, it is ideal for
making maple products. It is especially desirable
for use in making cream and candies. From 1 to
2 percent of invert sugar is formed in the high-fla-
voring process. This is the optimum amount to
make perfect cream or soft-sugar candies without
the need of a “doctor.” High-flavored, high-den-
sity maple sirup makes a superior topping for ice
cream.

Only high-flavored sirup should be blended with
other foods such as maple-flavored honey and crys-
talline honey spreads. Regular maple sirup usu-
ally does not have enough flavor to compete with or
to break through the f%avor of the food to which
it is added. An inexpensive table sirup that has
the full flavor of pure maple can be made by blend-
ing 1 part of high-flavored, standard-density sirup
with 3 parts of cane sugar sirup that has a Brix
value of 65.5°. Blended sirup must be properly
labeled when offered for sale. The percentage of
each ingredient must appear on the label, with the
one in greater amount appearing first.

Crystalline Honey-Maple Spread

The development of a maple-flavored crystalline
honey spread has produced a new farm outlet for
both maple and honey. This spread is made by
mixing honey with high-flavored maple sirup (73).
The maple flavor must be strong enough to break
through the honey flavor and the sirup must con-
tain a large amount of invert sugar. These re-
quirements are met by converting U.S. Grade B
(Vermont B or New York No. n2§ sirup to high-
flavored sirup as described earlier except that the
sirup is heated to a temperature 19° or 20° F.
above the boiling point of water. It isthen cooled
to 150° or lower, and 114 to 2 ounces of the enzyme
is added per gallon of sirup. The mixture is set
aside at room temperature until the action has been
completed, usually about 2 weeks. The sirup may
have the appearance of soft sugar (133).

The high-flavored, high-density maple sirup is
added to mild strained honey at the rate of 33 parts
of maple to 67 parts of honey by weight. The
mixture is crystallized by the Dyce process (18)
as follows: The honey-maple mixture is seeded
with crystalline honey (available in most grocery
stores) or with some honey-maple spread from a
previous batch, at the rate of 1 ounce of seed to 1
quart of honey-maple mixture. After thorough



stirring, the seeded mixture is held at 57° to 60° F.
until crystallization is complete, usually 3 to 7
days. The resulting product is smooth, it has a
barely perceptible grainy character, spreads well,
and has a very pleasing flavor. This spread be-
comes liquid at temperatures above 85°. There-
fore, it should be stored under refrigeration.

Maple blends well with honey in making other
honey-maple confections. Recipes for these can
be obtained from Pennsylvania State University.
University Park, Pa.

Other Maple Products

Rock Candy

Production of rock candy usually is uninten-
tional. Although it should not be considered a
product of maple sirup, this form of “maple
sugar” is easy to maice, as follows: When maple
sirup is evaporated to a density between 67.5° and
70° Brix (heated to 8° F. above the boiling point
of water), and the sirup is stored for a consider-
able length of time at room temperature or lower,
a fow well-defined crystals of sucrose (rock
candy) appear. These continue to grow in size
if the sirup is left undisturbed for a long time.

Hard Sugar {

Because it is not easy to eat, hard sugar is not
classified as a confection. Producers find there is
a small demand for hard sugar since it offers a
convenient form for the safe and stable storage of
maple sirup. The hard sugar cake can be broken
up and melted in water, and the solution can be
boiled to bring it to sirup density. This sirup is
~called maple-sugar sirup to distinguish it from
sirup made directly from sap.

ard sugar is made by heating maple sirup to
approximately 40° to 45° F. above the boiling
oint of water. As soon as the sirup reaches the
esired temperature, it is removed from the heat
and stirred. Stirring is continued until the sirup
begins to crystallize and stiffen; then the semi
solid sirup is poured into molds. If stirring is
continued too long or if transfer of the sugar tg
the molds is delayed, the sugar will solidify in
the cooking vessel.

In the past, hard sugar, often called maple

“concrete,” was the preferred form for holding
commercial maple sirup in storage.

Granulated (Stirred) Sugar

Granulated (stirred) sugar is made by heatin
maple sirup to between 40° and 45° F. above th
boiling point of water, as in making hard sugar.
The hot, partly crystallized, thickened sirup 1
transferred from the kettle to a stirring trough,
and it is stirred continuously until granulation i
achieved. In the past, this form of maple suga
was made by stirring it in a hollowed log usuall
made from basswood (fig. 122).

Figure 122.—Stirred sugar, another popular item, while more
easily made by stirring the sirup in a steam kettle; has often
been made by stirring it in a hollowed-out basswood log with
a wooden hoe.

Maple on Snow

Maple on snow is a favorite of guests at a
maple-sirup camp. As in making stirred sugar,
the sirup is heated to 22° to 40° F. above the boil-
ing' temperature of water. The final temperature
within this range depends on individual prefer-
ence. As soon as the sirup reaches the desired
temperature, it is poured immediately, without
stirring, on snow or ice. Because it cools so
quickly, the supersaturated solution does not have
a chance to crystallize; it forms a thin, glassy,
taffylike sheet. ,

Recipes for other maple confections can be ob-
tained by writing to your State Department of
Agriculture or your Extension Service.

Summary
Maple Sugar

(1) Converting maple sirup to maple sugar is not
difficult. The only special equipment re-
quired for small-scale operations is a ther-
mometer having an upper range of 250° to
300° F. calibrated in 1° units.

(2) Sirup that is saturated with sugar at one
temperature will be supersaturated when
cooled to another temperature.

(3) Supersaturated sugar solutions tend to regain
their normal or saturated state by throwing
the excess sugar out of solution. This pre-
cipitated sugar usually is in the form of crys-
tals, and the amount formed depends on the
degree of supersaturation.

(4) The size and number of crystals in the pre-
cipitated sugar depends on the degree of
supersaturation, the rate of cooling the sirup,
and the amount and time of stirring.

(5) Invert sugar, a product of sucrose, tends to
retard the crystallization. Its presence in
maple sirup is usually the result of fermenta-
tion of the sap. It influences the crystalliza-
tion of maple sugar. Too much invert sugar
may prevent crystallization of sugar from a
supersaturated sirup. Too little will cause
the maple sugar to be coarse and gritty.



Maple Cream or Butter

(1) Use a sirup low in invert sugar (0.5 to 2 per-
cent). U.S. Grade AA (%ancy) or U.S.
Grade A (No. 1) usually meets these speci-
fications.

(2) Test all sirup for invert sugar by the quick
test. Do not use sirup that contains more
than 4 percent of invert sugar. v

(8) Heat the sirup to 22° or 24° F. above the
boiling point of water.

4) Cool the sirup rapidly to 50° F.

5) Stir the thickened sirup continuously until
creaming is completed.

(6) Freshly made cream can be packed| immed-
iately or it can be aged before packaging.

(7) Aged cream can be softened for pouring by
heating to a temperature not e ing
150° F.

éS Store the cream under refrigeration.

9) Causes of failure to cream:

(a) If the sirup contains too little invert
sugar or if it is not chilled sufficiently
before stirring, the cream will have a
gritty texture.

(b) If the sirup contains too much invert
sugar, it will not cream (crystallize).

Fondant

(1) Prepare as for cream, except increase the boil-
ing point of the sirup to 27° above Eha,t for
water. '

(2) Stir or beat the sirup as for cream.

(8) Place drops of the semisolid sugar ox marble
slab, waxed paper, or metal sheet—OR—

(4) Pour the semisolid sugar into rubber molds.

Soft Sugar Candies

(1) Use any of the top three grades of siruF).

(2) Heat tie sirup to 27° F. above thel boiling
point of water.

3) Cool the sirup slowly to 155° F.

é‘l:) Stir the thickened sirup until enough|crystals
have formed to make a soft, plastic mass.

(5) Immediately pour or pack the soft sugar into
molds—OR—

(6) Set it aside in a crock at room temperature
for 24 to 48 hours.

(N goncentrate an equal amount of sirup as be-

ore.

(8) Assoon as the same elevation of boiling point
(27° F.) is reached add the hot concentrated
sirup (bob) to the aged soft sugar.

(9) Stir only enough to mix and pour the semi-
solid sugar into the molds.

Crystal Coating

(1) Make crystallizing sirup from top grades of
maple sirup.

(2) Concentrate the sirup to a density of 70° to
73° Brix by heating it to 9.5° or 11° K. above
Ehe )boihng point of water (63.5° Brix hot
est).

(3) Cool to room temperature.

(4) Keep the surface of the sirup covered with
heavy paper, except when adding or removing
the candies.

(5) Place the freshly made candies in the heavy
sirup and leave them in the sirup 6 to 12 hours.

(6) Remove the candies and completely drain the
sirup from them.

(7) Place the candies on paper-covered trays and
turn each piece every hour until dry, or wipe
with a damp sponge.

(8) Do not attempt to crystal coat candies during
humid or rainy weather.

(9) Airdry at room temperature 4 to 7 days.

Maple Spread

(1) Use any of the three top grades of sirup.

(2) Heat the sirup to 10° or 11° F. above the
boiling point of water (70° to 78° Brix).

(8) Cool the thick sirup to 150° or below and add
11/, ounces of invertase per gallon of sirup.

(4) Store at room temperature %or 2 weeks. The
resulting product 1s high-density sirup.

(5) “Seed” the high-density sirup with dextrose
crystals from previous batches of spread or
from crystallized honey. Use 1 teaspoonful
Iﬁr quart of sirup.

(6) Mix the seed thoroughly through the sirup
and pour the mixture into the final package.

(7) Store at 55° to 60° F. Within a few days the
dextrose crystals will grow to yield a plastic
spread.

High-flavored Maple Sirup

Use either of the two top grades of sirup to
make high-flavored maple sirup, and make it by
either the atmospheric or the pressure-cooking
process.

Atmospheric Process

(1) Concentrate the sirup by heating to 40° F.
above the boiling point of water (250° to 255°
F.). Process only in a steam kettle, jacketed
or with coils.

(2) ‘Hold the thickened sirup at the final tem-
perature of concentration for 114 to 2 hours.

(3) Cover the kettle and reduce the steam pres-
sure to approximately 24 or 26 pounds per
%quare inch—to keep the sirup at 252° to 255°

(4) Turn off the steam at the end of the process-

ing period and cool the thick sirup to 180° F.
(5) As(fsvater with caution and in small amounts
until the sirup is restored to about standard
density and reboil to 7° F. above the boiling
point of water.

Pressure-Cooking Process

(1) Heat the sirup almost to boiling temperature
(210°to 215° F.).

(2) Transfer to containers to fit the cooker
(usually 1- or 2-quart jars).



(3) Place the lids on the containers loosely, and
put them in the cooker. :

(4) Add water to the cooker according to the
manufacturer’s directions and secure the
cooker lid.

(5) Bring the steam pressure in the cooker to 15
poungs per square inch. Hold at this pres-
sure for 115 hours.

(6) Allow the pressure to fall slowly; do not
vent or quench.

(7) When the pressure has fallen to zero, open
the cooker and remove the high-flavored
sirup.

Crystalline Honey-maple Spread

(1) Use U.S. Grade B, Vermont B, or New York
No. 2. sirup.

(2) Heat the sirup to 19° or 20° F. above the boil-
ing point of water (80° Brix).

(8) Cool the thick sirup to below 150° F. and add
114 to 2 ounces of invertase per gallon of
sirup. .

(4) Store at room temperature for 2 weeks to pro-
duce a high density sirup.

(5) Mix thoroughly one part of the high-density
sirup to two parts of mild flavored honey.

(6) Add seed (dextrose crystals) at the rate of 1
teaspoonful per gallon of mixture. Use a
previous batch of honey-maple spread or crys-
talline honey as seed.

(7) Hold the seeded mix at 60° F. until the dex-
trose crystals grow to produce a semifluid
plastic (from 3 to 7 days).

(8) Store under refrigeration.

Rock Candies

(1) Use one of the top grades of maple sirup.

(2) Heat the sirup to 8° F. above the boiling
point of water (67.5° to 70° Brix).

(3) Store several months at or below room tem-
perature.

Hard Sugar

(1) Use any grade of sirup.

(2) Heat the sirup to between 40° and 45° F.
above the boiling point of water.

(3) Remove from the heat and begin stirring the
hot, thick sirup immediately.

(4) Continue stirring until erystalls form (sirup
begins to stiffen).

(5) Pour the partly crystallized sirup into molds
to harden. '

Granulated (Stirred) Sugar

(1) Usea top grade of sirup.

(2) Heat the sirup to between 40° and 45° F.
above the boiling point of water.

(3) Pour the hot sirup immediately into a tray or
trough for stirring.

(4) Begin stirring immediately and continue stir-
ring until granulation is completed.

Maple on Snow

(1) Use the top grades of sirup.

(2) Heat the sirup to between 22° and 40° F.
above the boiling point of water. g

(8) Without stirring, pour the sirup immediately
onto the snow or ice; it will form a glassy,
taffylike sheet of candy.

TESTING MAPLE SIRUP FOR INVERT SUGAR

The relation between the invert sugar content of
maple sirup and its suitability for making maple
cream is as follows:

Invert sugar

content of
sirup (percent) Suitability for cream

05 to 2 The right amount of invert
sugar for making a fine-textured
cream—one that feels smooth to
the tongue.

2t0 4 e Can be made into cream if sirup is
cooked until it is 2° to 4° F.
hotter than temperature called
for in standard recipes for cream.

4 or MOTre. - Not suitable for cream. If used,
sucrose will not crystallize, or it
will crystallize only if sirup is
heated to a much higher-than-
standard temperature. ‘Such
cream will be too fluid and prob-
ably will separate a few days
after it is made.

Two tests are available for determining the in-
vert sugar content of maple sirup. The simple,
or short-cut, test merely shows whether the sirup
contains less than 2 percent of invert sugar and is
therefore suitable for creaming. The other is a
quantitative test. It measures invert sugar In
amounts up to 7 percent, the upper limit normally
found in maple sirup.

Simple Test

The simple test for determining the invert sugar
content of maple sirup has been adapted from a
standard test for determining the sugar in urine
(70, 72). The test is made by first preparing a
sirup-water mixture (1 part of sirup to 20 parts
of water) and then color testing the diluted sirup.
It can be made in 3 or 4 minutes. *
Equipment

The few pieces of equipment required to make
the tests can be obtained from a local pharmacy.
The following items are required :

1) Clinitest tablets ** obtainable at pharmacy.
2) Two medicine droppers.

(8) A test tube, about 14 inch in diameter and
3 or 4 inches long.

(4) A sample of the sirup to be tested (1
cupful).

(5) One medicine glass, calibrated in ounces.

1 prademark. This product is one of several that may
be used by diabetics in testing for sugar in urine.



(6) One glass measuring cup, calibrated in
ounces.

(7) Test tube holder.
Y (8) Two 8-ounce, clean and dry
glasses. :

(9) One 1-quart glass fruit jar and coyer.

10) One “clinitest” color scale.

§11; Water (20 fluid ounces).

Making the Test

(1) Carefully pour enough of the test sirup into
a medicine glass to bring the level of the sirup ex-
actly to the 1-ounce (2 tablespoons) mark| If too
much (more than 1 ounce) is added, empty the sir-
up out of the medicine glass, wash and dry it, and
start over.
(2) Measure 215 cups of water and transfer it
to the quart jar.
(3) Make the 1 to 20 dilution by pouring the
fluid ounce of sirup into the jar containing the
21/, cups (20 fluid ounces) of water.
(4) Pour some of the water-sirup mixture into
the medicine glass and return it to the jar.
this three or four times to be sure that all the sirup
has been transferred to the water in the jar. Mix
the contents of the jar thoroughly by stirring with
a spoon or with a portable electric mixer.
5) Place the test tube upright in the holder.
(The holder can be a 1-inch-thick block of wood,
2 inches square with a 7 ¢-inch hole 34-inch deep.
(6) Fill a clean, dry medicine dropper with the
diluted (1:20) sirup in the fruit jar. Hold the
dropper upright above the test tube and let 5 drops
?f the diluted sirup fall into the test tube.
(7) Fill another clean and dry medicine drop-
per with water and add 10 drops of water to the
sest, tube.
(8) Place a Clinitest tablet, freshly removed
from the bottle or wrapper, in the test tube. As
the tablet dissolves, it causes the contents of the
-ube to boil. Do not remove the tube from the
holder while the solution is boiling.
(9) Fifteen seconds after the boiling stops, add
water to the test tube until it is two-thirds filled.
(10) Observe the color of the solution and com-
pare it with the two colors marked + and — of the
solor scale furnished with the Clinitest| tablets.
Disregard everything else on the scale cand. The
sther colors and the labels on the scale card have
10 relation to this test. Make the color compari-
son in a room illuminated with an incandescent
ulb.  The colors are not easily judged by| fluores-
sent or direct sunlight.

rinking’

nterpreting the Resulfs

Color of solution in test tube.—Blue indicates
\ negative test; the sirup contains less than 2 per-
rent. of invert sugar and can be used to make cream.
Yellow or yellow green indicates a positive test;
‘he sirup contains more than 3 percent of invert
sugar and is not suitable for making cream

Repeat '

Figure 123.—Testing sirup for invert sugar.

Quantitative Test

The quantitative test is much longer than the
simple test; it requires about 15 minutes.

Preparing the Sirup-water Mixtures

For this step, you will need sirup, 15 quarts of
water, measuring cup, quart measure, pail or other
large container, long-handled spoon, small spoon,
and five 4-ounce drinking glasses. The glasses
should be thoroughly dry. You will also need a-

pencil and labels.

Stir thoroughly the sirup to be tested. Then fill
the measuring cup exactly to the 1-cup mark with
sirup.

Dilute this sirup with five successive additions
of water, as follows:

1-and-12 dilution (1 cup of sirup and 12 cups of
water) —Pour 2 measured quarts (8 cups) of
water into the pail. Pour the cupful of sirup into
the pail; let the cup drain until most of the sirup
is out of the cup.

Measure a third quart (4 cups) of water and use
this to rinse the remaining sirup from the cup; fill
the cup with water, stir with a small spoon, and
pour into the pail until the quart of water is used.

Stir the sirup and water in the pail until it is
thoroughly mixed.

Dip one 4-ounce glass into the dilute sirup and
withdraw half a glassful.

Label the glass “12” and set it aside.

1-and-20 dilution—To the dilute sirup in.the
pail, add 2 measured quarts (8 cups) of water. -



Stir the contents of the pail until well mixed.
Remove half a glassful and label it “20.”

1-and-32 dilution—Add 3 measured quarts (12
cups) of water to the mixing pail. Stir contents
until well mixed. Remove half a glassful an
label it ©“32.”

1-and-40 dilution—Add 2 measured quarts (
cups) of water to the pail. Stir contents until wel
mixed. Remove halF a glassful and label it “40.

1-and-60 dilution—Add 5 measured quarts (2
cups) of water to the pail. Stir contents unti
\:v'ell mixed. Remove half a glassful and label i
“g0.”

Color Testing the Dilutions

For this step you will need the labeled sampl
of the five dilutions, test tube holder for five tub
five test tubes, six medicine droppers, Clinitest ta
lets and color scale, a small amount of water, an
pencil and paper.

Make the color test as follows:

(1) Place five of the test tubes in the test tub
holder.

(2) Fill a clean, dry medicine dropper with the
diluted sirup from the glass labeled “60.” Hol
this dropper upright above the test tube in the hol
marked “60” and let exactly five drops of the di-
luted sirup fall into the test tube. _

Similarly, place exactly five drops of the
dilution, five drops of the «39” dilution, five dro
of the “20” dilution, and five drops of the “127
lution in the tubes numbered for these dilutio:
(see fig. 123). Use a separate, clean, dry medici
dropper for each dilution.

(3) Fill another clean medicine dropper wi
water and add 10 drops of water to each of the five
test, tubes, refilling the medicine dropper as neces-
sary.

IP:L) Remove five Clinitest tablets from the bottle
or wrapper. Place them on a clean piece of paper.

(5) Place one tablet in each test tube, in order,
starting with the tube marked “60.”

The tablets, as they dissolve, cause the contents
of the tubes to boil. Do not move the test tubes
while the solutions are boiling.

(6) Fifteen seconds after the boiling stops, add
water to the test tube marked “60” until the tube
is two-thirds full. Add the same amount of water
to the other four test tubes, in order, from right
to left.

(7) Compare the colors in the test tubes with the
two colors of the color scale marked “trace” and
«47  Disregard everything else on the scale; the

other colors and the labels on all the colors have -

no relation to this test. :

Make this comparison in a room lighted with jan
incandescent bulb. You cannot judge the colprs
of the solutions for this test with fluorescent light
or with sunlight only.

Assign to the mixture in each tube one of three

values—positive (+) for invert sugar, nega ive

(—) for invert sugar, or doubtful (=) according
to the following standard.

Color of solution Value

Same as or more blue than color on scale |

labeled “trace”__ Negative (—)
Same as or more yellow than color on scale

labeled “+"_ - Positive (+)
Between “trace” and “+” colors on scale__ Doubtful (%)

Write down in order the values you have given
the five dilutions, starting with the 1-and-12 dilu-
tion at the left. '

Special Note—If the first sirup you test proves
positive in some dilutions and negative in others,
you will quickly see the difference between a posi-
tive and a negative color reaction.

It is possi%le, however, that the sirup you test

~ will give a positive or a negative test in all dilu-

tions. If this happens and you are doubtful
about your interpretation of the results, it will be
helpful to have a solution that you know will give
a positive test.

To prepare such a solution, add three drops of
corn sirup to the 4-ounce glass containing the
sample of the 1-and-60 dilution. Stir the corn
sirup into the dilute sirup.

In the remaining clean test tube, place five drops
of this solution. Add 10 drops of water, then one
Clinitest tablet. After boiling has stopped add
water until the test tube is two-thirds full.

The color that develops will indicate a positive
reaction.

Defermining Invert Sugar Content of Sirup
4

To find the invert sugar content of the sirup yoi
are testing, find the line in table 17 that contains
the same combination of values for the five dilu-
tions that you obtained in the color test.

As the table shows, the sirups that are most suit-
able for making into cream are those that are nega-
tive in all dilutions or positive in the first (1-and-
12) dilution and negative in all the others.

Summary

(1) Test the sirup for its invert sugar content
before attempting to make maple cream.

(2) Use the simple or short cut test, page 94.

(3) To check the color, positive or negative, use a
test solution consisting of the 1- and 60-solu-
tion to which is added corn sirup, page 96.
This will give a positive test.

(4) Sirup containing more than 3 percent of in-

vert sugar is unsuitable for creaming.

THE CENTRAL EVAPORATOR PLANT

Before 1955 no market existed for maple sap.
The sap crop had to be converted to sirup or some
other product on the farm where it was produced
before it became marketable. Maple sap, there-

fore, occupied a unique position in American



