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Seasonal Variations of the Acids in Birch Sap
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ABSTRACT

The alterations of acids in birch sap ( Betula pendula Roth. and B. pubescens
Ehrh. ) used for birch syrup production in Finland were observed in the flow
seasons of 1983 and 1984. The pH of the sap decreased from over 7-5 to 5-5
during the spring. Malic acid increased from 100 to 600mglitre™' and
dropped quickly after bud opening. The level of phosphoric acid was about
ore-tenth thar of malic acid and showed an analogous trend. The
concentration of succinic acid increased progressively from about 10 to
300 mg litre ™' and that of citric acid from 5 to 20 mg litre ™. No differences
were observed between the acid contents of the two species. The sugar—acid
ratio decreased rapidly during the first flow week and remained nearly
constant (between 10 and 25) during the main flow period.

INTRODUCTION

Sugars and acids are the most important factors in birch sap when sap is
considered as a foodstuff. The identification of sugars and acids has been
reported before (Kallio et al., 1985a) as well as the seasonal alterations of
sugar contents (Kallio & Ahtonen, 1987).

As early as 1837, Brandes (1837) measured the acidity of birch sap using
litmus paper. The results have been verified in subsequent publications.
Johnson (1944) measured values between pH 6-8 and 7-6, Nordal (1944) 5-1
and 54, Lohr (1953) 5-6 and 64, Tomchuk et al. (1973) 6:1 and Essiamah
(1980) 5-3 and 5-7. Essiamah (1980) found the pH of birch sap to be almost
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constant during the spring. However, some trees had a more acidic sap at a
height of 0:5m than 2-:5m higher.

In birch sap the main acid is malic acid (Schroeder, 1871, 1877,
Hornberger, 1887; Richter, 1925; Nordal, 1944; Kallio et al., 1985a). The
other acids verified are phosphoric (Kallio et al., 1985a; Hornberger, 1887),
succinic (Kallio er al., 1985a; Nordal, 1944), citric and fumaric (Kallio ef al.,
1985a).

The aim of this study was to monitor the alterations of the main acids in
the spring sap of Betula pendula and B. pubescens in Finland to obtain the
best quality of sap for commercial purposes.

MATERIAL AND METHODS
Sap

The sap of Betula pendula and B. pubescens was gathered in 1983 and 1984 in
the Natural Park of Aulanko in Finland. In 1983 collection of sap was
performed at 8 am and 8 pm each day during the flow season and during two
2-day periods at 3-h intervals. In 1984 the sap samples were gathered only
once a week. The samples were the same as reported before (Kallio &
Ahtonen, 1987).

Analytical methods

The analyses of acids were carried out by capillary-GLC as their TMS-
derivatives (Kallio et al., 1985a).

RESULTS AND DISCUSSION

The pH and acid content of the birch sap were monitored during the entire
flow seasons in the spring in 1983 and 1984. The pH of the sap was typically
slightly acidic. In the beginning of the flow season in 1983, pH was, however,
even higher than 7-5, decreasing to around 6-0 within 2 weeks (Fig. 1). The
lowest values, 5-3-5-5, were reached at the end of April and in the beginning
of May. In 1984, pH was between 5-5 and 6-0 during the entire flow season.
No differences could be observed between the two birch species studied.
The contents of the most abundant acids, malic, phosphoric, succinic and
citric, are presented in Figs 2 and 3. The main acidity of the sap was due to
malic acid; all six trees monitored showed an analogous pattern. The
concentration of malic acid increased from 0-1-0-2glitre™! to
0-5-0-7 glitre ~ ! in about 4 weeks in April and dropped quickly within a few
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Fig. 1. pH of the sap of B. pendula (A pe-1, O pe-2, [ pe-3) and B. pubescens (A pu-1, @
pu-2, M pu-3) in 1983. In 1984 ¥/ pe-1, o pe-2, & pe-3, W pu-1, a pu-2, ¢ pu-3.

days in the beginning of May. This is in good agreement with the studies of
Schreeder (1865, 1871, 1877) and Hornberger (1887). They showed that the
content of malic acid increased during the spring and dropped at the end of
the season. Schroeder also noticed that warm weather speeds up, and cold
weather slows down, the formation of malic acid. The highest values
measured were in the order of 0-7 glitre ™1,

The concentration level of phosphoric acid was only about one-tenth that
of malic acid, although it showed an analogous development trend during
spring. The decrease in the content at the end of the season was, however, less
clear than in the case of malic acid (Fig. 2B, B’ and 3B, B’). In some very early
samples phosphoric acid was totally absent (less than 2 mglitre ~!) but later
its content even exceeded 100 mg litre ~ *. The range observed by Hornberger
(1887) was 20-80 mglitre " '. Both Schroeder (1865) and Hornberger (1887)
could see a slight increase during the spring. According to Schroeder (1865),
the content of phosphoric acid is highest in the root sap and decreases higher
in the trunk.

Most of the samples contained a concentration of succinic acid less than
100 mg litre ~ !. Only the last aliquots at the end of the season reached higher
values, up to 300 mglitre " !. The development of succinic acid was very
symmetrical, especially in the trees of B. pendula in 1983 (Fig. 2C, C)).

The figure for citric acid was less uniform with wide deviations (Fig. 2D,
D’ and 3D, D). Typically, the contents were higher in the beginning of May
than one month earlier. In only one sample did the concentration exceed

50 mg litre ™!
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Fig. 5. Thesugar-acid ratio of birch sap in 1983. A pe-1, O pe-2, [1 pe-3, A pu-1, @ pu-2,
W pu-3.

No diurnal variations were seen in the acid contents of sap during the two
2-day periods, April 6-8 and April 25-27 (Fig. 4). The data in Figs 2 and 3,
observed in 12-h intervals, also verified this result. The deviations were
random and no equal trend between the individual trees or species could be
seen. No differentiation between the acid contents of the two species studied
was recognized.

The acids alone do not fix the acidic taste nor the sugars the sweetness of a
weak water solution like birch sap. Especially in concentrated sap (Kallio et
al., 19€5b) or syrup the sugar—acid ratio is decisive in the sweetness and
overall flavor of the product. In the beginning of the season the syrup is
sweeter than syrup made from the sap of the main flow period. Over 90% of
the gathered sap volume had a sugar—acid ratio between 25 and 10 (Fig. 5).
The sugar contents of the same sap samples have been published earlier
(Kallio & Ahtonen, 1987).

The results show that the birch sap has no standard acid composition, but
the fluctuation must be taken into account when collecting birch sap for
commercial purposes.
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