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Abstract. Pancreatic glands of different animals such as cattle. goat and sheep were used for the prepara­
tion of acetone dried powders of trypsin and chymotrypsin. The soluble fractions of enzymes were isolated 
from the minced pancreas with sodium chloride. precipitated with ammonium sulphate. dialysed and 
dried. The activities of the enzymes were determined using synthetic substrates, N-benzoyl-L-arginine­
ethyl-ester hydrochloride fOT trypsin and N-acetyl-L-tyrosine ethyl ester for chymotrypsin. Maximum 
trypsin recovery in acetone dried poser olltained from I g of pancreatic tissue was found to be 135.1 units 
in ox. As regards the soluble fraction, cow pancreas produced maximum enzyme yield with a total activity 
of 106.28 units per/g of pancreatic tissue. Similarly maximum chymotrypsin recovery in acetone dried 
powder obtained from 1 g of pancreatic tissue was found to be 166.52 units in ox. As regards the soluble 
fractions cow pancreas yielded maximum enzyme activlty of 93.38 units per g of pancreatic tissue. 

Introduction 

Siaughterhourse wastes are a very good source for the production of some enzymes 
such as proteolytic, lipolytic and amylolytic enzymes on laboratory, pilot and com­
mercial scales. Trypsin and chymotrypsin are very important proteolytic enzymes in 
industry and medicine. Pancreatic glands have been proved to be a good source of a 
number of important proteins, such as insulin, trypsin, chymotrypsin, etc. (1). It 
appears that quite a large number of animals are killed daily in Saudi Arabia and 
almost all the essential glands and organs which are not a normal part of the human 
diet go to waste. Therefore these glands and organs, particularly the pancreas which 
is a good source of a number of enzymes [2], can be obtained quite cheaply. The pre­
sent work is therefore directed towards extraction and assay of trypsin and chymot­
rypsin from the pancreatic glands of various animals, such as ox, cow, goat and 
sheep. 
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Materials and Methods 

Preparation of pancreatin 

Pancreatic glands of different animals were collected immediately after killing 
and preserved in an ice-salt chilling mixture for transfer to the laboratory for proces­
sing. 

The chilled pancreas was then cut into small pieces. These pieces were frozen in 
liquid nitrogen and ground to a fine powder, using a pestle and mortar. 

Ground pancreating glands were blended 3 times with 4 volumes of acetone for 
fifteen minutes on each occasion using a top drive homogenizer. The bucket of the 
blending machine was kept in an ice-salt mixture during blending. After each treat­
ment, the suspension was recovered by centrifugation. Then the residue was treated 
with acetone: diethyl ether (1: 1) mixture and then with diethyl ether. The filter cake 
thus obtained was dried to a constant weight in a desiccator to give a fine powder 
known as pancreatin. It was preserved in a bottle and stored in a desiccator over 
phosphorus pentoxide. The percentage of pancreatin obtained from the pancreatic 
glands of different animals is given in Table 1. 

Isolation of proteolytic enzymes 

Minced pancreatic glands were stirred in 10% (w/v) NaCI solution (six times the 
wt. of pancreatic glands) using a magnetic stirrer for about half an hour. The suspen­
sion was filtered through a nylon net and the filtrate (t) was preserved. The filter cake 
was stirred again with 10% sodium chloride solution (four times the wt. of filter cake) 
for 15 minutes. The suspension was filtered again through the nylon net and similarly 
a third extract of the pancreas was collected. All the 10% NaCl extracts were com­
bined. The combined 10% NaCI extract pancreas was precipitated with ammonium 
sulphate, at 75% saturation in the final mixture. The whole filtrate was dialysed 

Table 1. Percentage yield of pancreatin obtained from pancreatic glands of different animals. 

Animal 

Cow 
Ox 
Sheep 
Goat 

* Average of triplicate. 

Weightoflhe 
ground pancreas 

(g) 

4S.UO 
83.28 
25.54 
27.40 

Welghlof Percentage of * 
pancreatin powder pancreatin powder 

(g) 

8.93 19.84 
13.lJ9 IS.72 
3.90 15.27 
4.09 17.12 
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against water at 5°C for 24 h to remove the ammonium sulphate and the precipitate 
formed was centrifuged, dried and named as "A". 

To the filtrate (t) from which "A" was separated, acetone was added up to 80% 
saturation (100 ml filtrate + 400 ml acetone) to precipitate out the soluble protein. 
The precipitate was separated by centrifugation, dried and named as "B". The per­
centage yield of" A" and "B" is given in Table 2. 

Activation of enzyme 

The crude enzyme fraction Pancreatin and fraction "A" and "B" were activated 
separately by suspending them in I % calcium chloride solution containing a small 
amount of crystalline trypsin (Sigma Chemical Co. Type XII-S) and kept in a 
refrigerator at 5°C. 

25 mg of crude enzyme was suspended in 10 ml of 1 % calcium chloride solution 
and 0.1 ml of 0.1 % trypsin solution (0.1 unit of trypsin) (Sigma Chemical Co. Type 
XII-S) was added to it and the whole was placed in a refrigerator at 50 C for activa­
tion. After 24 h, the suspension, the solution, containing the activated enzymes i.e. 
trypsin and chymotrypsin, was collected. 

Assay of trypsin 

Trypsin was assayed according to the method described hy Schwert and 
Takenaka [3]. N-benzoyl-L-arginine ethyl ester hydrochloride was hydrolysed under 
standard conditions at pH 9.5 and 300 C. The consumption of standard alkali during 
the reaction was recorded as a function of time. The manual titration procedure with 
a pH meter was used. 

Table 2. PeITentage yield of total enzymes obtained from pancreatic glands of different animals. 

Weight ufthe Weight of Wei~hlof Percentage PeITentage 
Animal ground pancreas "A" • "B"·· yield of "An yield of"B" 

(g) (g) (g) 

Cow 45.00 2.41 1.79 5.36 3.98 
Ox 146.47 2.01 2.63 1.37 I.lID 
Goat 26.66 0.31 0.3~ 1.16 1.43 
Sheep 27.93 0.41 () .49 1.47 1.75 

• The precipitates which were obtained after the precipitation of pancreatic extracts with ammonium 
sulphate were then dialysed and, centrifuged. These precipitates were named ("A "). 

** Precipitates were obtained from the filtrate left from "A" by addition of acetone were named as "8". 
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Reagents 

i) 0.02M N-benzoyl-L-arginine ethyl ester hydrochloride: 
Dissolve 0.69 g of N-benzoyl-L-arginine ethyl ester hydrochloride in 0.2 M 
borate buffer pH 9.5, and complete to 100 ml. 

ii) 0.05 M sodium hydroxide solution. 

Procedure 

Ten ml of activated crude enzyme suspen6ion, preadjusted to pH 9.5, was added 
to 10 ml of 0.02 M N-henzoyl-L-arginine ethyl ester hydrochloride and the mixture 
was stirred continuously. The temperature of the mixture was maintained at 30° C 
throughout the reaction and the pH was maintained at 9.5. The time at which the 
reaction was started was recorded. The pH was adjusted regularly to 9.5 by the addi­
tion of 0.05 M sodium hydroxide and the time and volume of alkali added were 
noted. The titration was carried out for up to 10 minutes. 

One unit of trypsin was defined as the amount of enzyme whkh under the spe­
cific lest conditions hydrolysed one micromole of N-benzoyl-L-arginine ethyl ester 
hydrochloride per minute. 

Activities of all Ihe samples. prepared as described hefore. were measured 
according 10 the procedure described above and arc shown in Table 3. 

Table 3. Activities or trypsin in the various samples prepared from the pancreas glands of different ani-
mals. 

Specific Total recovery 
Sample Activity in units activity per 1 gof 

in unlt4i/g pancreatk tissue 

Ox pancreatin 21.5 860 135.1 
Ox - A pancreatin 28.0 1120 15.34 
Ox - B pancreatin 34.5 1380 24.78 
Cow pancreatin 14.0 1240 66.41 
Cow - A pancreatin 31.0 560 111.\3 
Cow - B pancreatin 27.0 1080 24.96 
Sheep pancreatin 18.0 720 109.'15 
Sheep - A pancreatin 22.5 900 13.21 
Sheep - B pancreatin 41.5 1660 29.12 
Goat pancreatin 17.5 700 119.82 
Goat - A pancreatin 20.5 820 9.53 
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Assay or chymotrypsin 

N-acetyl-L-tyrosin ethyl ester was hydrolysed under standard conditions at pH 
9.5 and 30° C. The volume of standard NaOH consumed during the reaction was 
recorded as a function of time. The manual titration procedure with a pH meter was 
used. 

Reagents 

i) 0.02M N-acetyl-L-tyrosine ethyl ester. Dissolve 0.50 g of N-acetyl-L-tyrosine 
ethyl ester in 0.2 M borate buffer pH 9.5 and complete to 100 ml. 

ii) 0.05 M sodium hydroxide solution 

Procedure 

The procedure described under "Trypsin" was followed using 10 ml of 0.02 M N­
acetyl-L-tyrosine ethyl ester instead of 10 ml of 0.02 M N-benzoyl L-arginine ethyl 
ester hydrochloride. The titration was carried out for up to 10 minutes and the corres­
ponding values of time and alkali consumed were noted. 

One unit of chymotrypsin was defined as that amount of enzyme which under 
the specified test conditions hydrolysed one micromole of N-acetyl-L-tyrosine ethyl 
ester per minute. 

Activities of all the samples prepared as described before, were measured 
according to the procedure described above and are shown in Table 4. 

Table 4. Activities of chymotrypsin in the various samples prepared from the pancreatic glands of differ-
ent animals 

Specific Total recovery 
Sample Activity in unit~ activity perlgof 

in unitslg pancreatic tissue 

Ox pancreatin 26.5 1060 166.61 
Ox - A pancreatin 25.5 1020 14.00 
Ox - H pancreatin 

. 
30.0 1200 21.55 

Cow pancreatin 19.5 780 154.79 
Cow - A pancreatin 25.0 1000 53.56 
Cow - B pancreatin 26.0 1040 41.37 
Sheep pancreatin 20.5 820 125.22 
Sheep - A Pancreatin 30.0 1200 17.62 
Sheep - B pancreatin 23.0 920 16.14 
Goat pancreatin 22.0 880 150.63 
Goat - A pancreatin 24.5 980 11.40 
Goat - B pancreatin 26.0 1040 18.25 
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Results and Discussion 

As shown in Table 3, among the various dried acetone powders prepared from 
the pancreatic glands, that of ox gave maximum activity of trypsin, namely 860 units/ 
g. This was followed by sheep, goat and cow, their activities being 720,700 and 560 
units/g, respectively. This shows that ox pancreas was the richest source of trypsin, 
although the difference in the activities of the samples from different animals was not 
great. 

As regards the maximum total trypsin activity in the fractions obtained after 
extraction in saline water and precipitation with ammonium sulphate followed by 
dissolution and acetone precipitation, demonstrated that cow pancreas yielded the 
maximum enzyme with a total activity of 106.28 units per g of pancreatic tissue. This 
was followed by sheep, ox and goat which yielded total activities of 40.52,39.76 and 
22.96 units on the basis of 1 g of pancreatic tissue. 

As shown in Table 4 among the dried acetone powders prepared from the pancreas 
of various species; that of ox gave maximum activity of chymotrypsin, namely 1060 
units/g. This was followed by goat, sheep and cow, their activities being 880, 820 and 
780 units/g, respectively. This shows that ox pancreas was the richest source of 
chymotrypsin, although the difference in the activities of the samples from different 
animals was not great. 

As regards the maximum total chymotrypsin activity in the fractions obtained 
after extraction in saline and precipitation with ammonium sulphate followed by dis­
solution and acetone precipitation, cow pancreas yielded maximum enzyme with a 
total activity of 93.38 units per g of pancreatic tissue. This was followed by ox, goat 
and sheep which yielded total activities of 35.21,33.83 and 33.47 units on the basis 
of I g of pancreatic tissue. 

Conclusion 

Although the extraction and precipitation procedure were uniform for all the 
pancreatic glands from different animals, it must be considered that a true compari­
son ofthe total activities is not possible. This is because, the enzymes of different ori­
gin might vary in their solubility and precipitation properties. However from the 
results presented in this study, the acetone dried powder from the ox pancreas 
showed the maximum trypsin and chymotrypsin activity, and among the solubel frac­
tions, cow pancreas showed the maximum trypsin and chymotrypsin activity. How­
ever, all pancreas extracts studied yielded comparable amounts of enzyme. 
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