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THE ESTIMATION OF MOISTURE IN DRY FOODS BY
KARL-FISHERS TITRATION METHOD

HIDEAKI SAIGO and ETSUZO MATSUI

A speedy and accurate method for the determination of water in many kinds of dried food
and food materials is necessary for the proper control of the finished products in inspection
laboratories.

The air oven method is slow and does not give a satisfactory measure of the true moisture
content of dehydrated food.

The volumetric method developed by Fischer is speedy and specific for water.

The method involves the titration of a methanolic suspension or solusion of the sample
with a reagent composed of iodine and sulufur dioxide dissolved in pyridine and methanol.

The sample is transferred into a glass-stoppered titration flask which has previously been
dried for 1 hour at 105°C. and cooled with stopper in place, 25 ml. of anhydrous methanol
are added, and the mixture is immediately refluxed 10 minutes or longer to exturact the bulk
of the moisture.

The mixture is reversely titrated with Fischer reagent, until the Magic Eye lamp remains
open at least 30 seconds when it comes to the end point.

By this method, the determination of water was carried out on freeze-dried food (i. e.,
Strawberry. Banana, Green asparagus, Cauliflower, Green pease, Mushroom, Beef, Chicken,
Crab, Dioscorea japonica, etc.) and a number of vegetable soup powders packed in plastics
pouches.

Data developed on a number of freeze-dried food stuffs and low moisture food mixture are
presented in tables and graphs.

The method is very simple, and an accurate result is obtained in a shorter time in compa-

rison with usual vacuum or oven method.
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Table J. Comparison of data by the method of Karl-Fischer's with by Heat drying method.
(Experiment: anhydrous methanol as solvent, 25 CC. temp 20°C.)

\ Karl Fischer Method | Heat Drying Method
Kind of samples wt. of fi)::'ea‘(:)tfmg :’s?:;;l’a::(;"temy i temp of | drying | loss in
sample | methanol | oven time wt.
w0 iy | 0| @ o | i | @
potato starch C0.0001 | 10 ’ 6.43 | 17.1 | 105 ] 300 1 17.1
wheat flour 0.2670 15 36.37 13.6 105 ¢ 300 12.5
rice flour 0.0503 10 6.80 13.5 105 300 12.7
powder of dry mushroom 0.0628 15 ‘ 5.69 9.1 105 135 l 9.0
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Table I[.

Estimation of moisture contents in

freeze—dried food, by Karl Fischers
method. (Experiment: anhydrous
methanol as solvent 25 CC., temp
19°C., time 10 min)

wt. of | water content

Kind of samples sample ;
strawberry 0.2972  2.91 0.97
banana 0.6519 ! 10.63| 1.63
cauriflower 0.2914 : 6.05| 2.08
green asparagus 0.5173 i 7.71 1.49
green pease 0.7680 © 5.61| 0.73
mushroom ! 0.3288 5.54 1.68
beef 0.9639 | 12.52 ; 1.18
chicken 0.7222 13.03 | 1.8
crab i 1.0459 17.64 | 1.69
Dioscorea japonica | 0.7167 | 4.49 | 0.63
miso A 0.4767 9.34| 1.96
» B 0.3731 | 10.30 | 2.76

Tabte Jif.
coffee and teas.

Estimasion of moisture content in

(Experiment: anhydrous methanol
as solvent 25 CC,, time 10 min)

wt. of moisture content
Kind of samples sample *[_
(mg) | (%)
(=) .
instant coffee 0.2384 10.09 | 4.24
black tea 0.2820 10.40 | 3.69
green tea 0.1112 4.41 3.97

Table V. Estimation of moisture content in dry powder of soups. Packed in plastic pouch on market.
(Experiment: anhydrous methanol 25 CC., temp 19°C., time 10 min.)
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. water content
Kind of samples ! manufacture . wt. of sample - .
| | (g) (mg) (%)

onion ‘ U.S. A L Co | 0935 | 12.77 1.73
corn Japane M, Ce. 0.5797 27.04 4.66
noodle ” 0.7814 45,37 5.81
sweet pepper pot Swiss M, Co. | 0.6111 29.6 4,84
mushroom ” 0.8836 36.5 4.13
asparagus v 0.4990 22.4 4.49
pea with smoked ham ” 0.7240 25.85 3.57
four scasons (mixed vege- |
tables) ” 0.5131 12.44 2.42
cauliflower ” | 0.7093 31.85 4.49
tomato ” 0.5860 19.58 3.38
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" Storage at 19°C. and 66% RI.

3 Fig. 1 Changes of moisture contents in

-"5‘ freeze—dried foods,when exposed

= in room.
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Table V. Water vapour permeabilities of plastic films, under various humidities at 37°C.

‘ . water vapour permeabilities (g/m2/24hr)
No. Kind of films thickness ' H o1-87 | RH 82-70| RH 70-68|RH 60-58 | RH1 51-49
(mm) | (%) (%) (%) %) (%)
1 | polyester 0.025 18.7 16.2 13.2 10.6 8.9
2 | cellophane ” 2274.5 1197.1 453.8 212.3 131.6
3 | moisture proofed cellophane A ” 01.8 83.7 34.1 31.7 23.3
4 ¥ B ” 113.4 98.6 47.0 38.0 27.0
5 | polypropylene ” 6.6 5.6 5.4 3.7 3.5
6 | polyvinylidene~chloride 0.045 2.7 2.3 3.2 2.6 2.2
7 | hydrochlorinated rubber 0.028 12.5 12.0 9.1 6.5 ] 5.7
g8 | polyvinylchloride soft 0.025 65.8 55.4 | 50.4 32.7 31.6
9 | polycarbonate . 0.06 57.3 50.2 45.2 31.1 32.2
10 f;:,],?ﬁ:f‘e"sf’p°lye‘hyle"e ” 7.4 7.1 4.7 5.4 3.6
11 ” B 4 9.3 8.9 6.8 6.4 5.3

Table VI: Water vapour permecabilities of plastic films, with different thickness at 37°C.

water vapour permeabilites (g/m?*/24hr)

No. Kind of films thickness | p11 91-87 | RH 82-79| RH 70-68 |RH 60-58 | RH 51-49
(mm) %) (%) %) (%) %)
12 polyvinylchloride non plasticized £ 500 17.3 15.5 12.3 ‘ 9.6 7.2
13 ” % 400 2.8 22.7 18.9 15.5 14.2
14 ” £ 300 27.0 22.4 20.7 15.9 13.4
15 | polyethylene low density 0.02 18.0 15.5 15.0 10.3 9.7
16 p 0.05 6.7 6.3 6.0 3.7 3.3
17 } ” 0.08 3.6 3.7 3.0 1.9 1.7
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Table V. Water vapour permeabilities of plastic films, varving experiment temperature under
relative humidities 90%.

Water vapour permeabilities (g/m2/24hr)

No. Kind of films thickness - ‘
mm %°C | acc | arc | wcc | as°C
1| polyester 0.025 9.8 11.7 6.2 1 201 | 207
2 cellophane - ” ©991.7 | 1159,0 | 1197.1 |1322.7 | 2492.1
< 3  moisture proof cellophane A ” 42.4 51.0 83.7 75.5 164.9
4 ” B ” 58.9 56,2 98.6 « 83.7 , 180.4
5 | polypropylene ” 2.6 3.0 5.6 7.4 | 16.2
. 6 | polyvinylidene—-chloride 0.045 1.2 -1.8 2.3 5.5 10.8
e 7 | hydrochlorinated rubber . 0.028 5.1 6.1 12.0 14.5 29.1
8 | polyvinylchloride soft - 0,025 22.1 32l0 55.4 88.3 174.8
9 | polycarbonate 0.06 27.2 32.2 50.2 56.6 80.2
10 | cellophane—polyethylene laminates A ” L 2.8 3.2 7.1 10.8 18.5
11 ” B »# | 4.3 3.8 8.9 12.7 21.8

I

Tsble V. Water vapour permeabilities of plastic films, with various thickness under relative
humidities 90%.

Water vapour permeabilities (g/m2/24hr)

No. Kind of films - thickness jf -

(mm) | 25°C | 30°c | 37°C | a0°c | 45°C
12 polyvinyichloride non plasticized . 2500 ‘ 8.9 10.7 15.3 18.4 29.9
13 ” | F 400 10.7 15.9 227 | #1.2 | 42.8
14 ” | 2300 ' 13.8  15.1 22.4 33.6 | 42.4
15| polyethylene low density ©0.02 , 4.9 9.2 | 15.5 | 9226 | 43.1
16 ” ' 0.05 2.8 3.1 6.3 7.8 | 18.3
17 ” . 0.08 1.0 2.6 3.7 4.9 9.5
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Storage at 36°C. and 78% RH. Fig. 4 Increase of moisture in freeze—dried

foods, during preservation in pouches of

Fig. 3 Increase of moisture in freeze—-dried ]
polyethylene film (thickness 0.05mm).

foods, during preservation in the
pouch of polyethylene film
(thickness 0.05mmy).

#* Film of pouch constructed with cellophane
(thickness 0,03mm), alminium foil (0.01
mm) and polyethylene film (0.02mm).
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° 5 10 IIS' Fig. 6 Moisture content in dry powder of
dﬁ-yS soup prepared from various ingrei—
dients, packed in U, S. A,
Storage at 36°C. and 78% RH Packaging pouches are constructed

with laminated films of paper
(thickness 0.06mm), alumium foil
(0.005~0.01mm) and polyethylene

Fig. 5 Increase of moisture in dry foods,
during preservation in pouches of
polyethylene film (thickness 0,05mm).

(0.02mm).
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Fig. 9 Moisture contents in dry po-
wder of soups prepared from var—
ious ingreidients packed in Japan.
packaging pouches are constra-—

from various ingreidients, packed in Swiss. cted with laminated films of

Storage at 36°C. and 78% RH.

Fig. 7,8 Moisture contents in dry powder of soups prepared

Packaging pouches are constructed with laminated cellophane (thickness (?_(.);._mm):
paper (0,04mm), aluminium foil
(0.01mm) and polyethylene (0.
Ozmm).

films of aluminium foil (thickness §0.015mm), paper

(0.032mm) and hydrochlorinated rubber (0.032mm).
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