
J. Agric. Food Chem. 1990, 38, 45-50 45 

Zechmeister, L. Cis-trans isomerization and stereochemistry of 
carotenoids and diphenylpolyenes. Chem. Rev. 1944,34 (2), 

Watson, R. R. The role of selenium and retinoids in immuno- 
modulation and cancer prevention. Food Nutr. Neus 1986 

Watson, R. R.; Moriguchi, S. Cancer prevention by retinoids: 
role of immunological modification. Nutr. Res. 1985,5,663- 
675. 

(National Livestock and Meat Board, Chicago, IL). 267-344. 

Received for review December 12, 1988. Revised manuscript 
received July 14, 1989. Accepted August 10, 1989. 

Influence of pH on the Proteinase Complement and Proteolytic 
Products in Rainbow Trout Viscera Silage 

Magadi R. Raghunatht and Alan R. McCurdy* 

Department of Applied Microbiology and Food Science, University of Saskatchewan, Saskatoon, 
Saskatchewan S7N OWO, Canada 

Nine classes of proteinases were screened for their stability and activity in silages of trout viscera, 
ensiled at pH 2 and 3. Both endo- and exo-peptidases were active in the pH 3.0 silage (silage A), 
quickly breaking down the protein nitrogen to amino nitrogen. In the pH 2.0 silage (silage B) only 
acid endo-peptidase and a weak exo-peptidase activity were present, slowing the formation of amino 
nitrogen during autolysis. The additional presence of formic acid in pH 2.0 silage (silage C) limited 
the increase in pH during autolysis and prevented any increase in amino nitrogen, indicating the 
complete suppression of exo-peptidase activity in such silages. Correspondingly, the amounts of short 
peptides and amino acids were highest in silage A and smallest in silage C. 

The conversion of fish processing wastes and under- 
utilized fish species into fish silage produces a versatile 
feed ingredient for many farmed animals and fish raised 
by aquaculture. Although the production of fish silage 
has become commercialized, the proteolytic enzymes par- 
ticipating in the autolytic process have not been clearly 
elucidated. Acidic and alkaline proteases have been recov- 
ered from silages (Reece, 1988), and the effects of many 
proteolytic enzymes have been observed in conventional 
silages (pH 4.0), breaking down proteins to short pep- 
tides and free amino acids (Stone and Hardy, 1986). The 
physical and chemical changes occurring in fish silage 
during autolysis are well documented (Freeman and Hoo- 
gland, 1956; Tatterson and Windsor, 1974; Backhoff, 1976; 
Raa and Gildberg, 1976; Gildberg and Raa, 1977; Reece, 
1980; Stone et  al., 1984; Hall e t  al., 1985; Haard et  al., 
1985; Stone and Hardy, 1986), but conclusive evidence 
linking the nature of autolysis to  the various proteinases 
participating in the process has been lacking. 

In this study, nine different classes of proteinases were 
screened for their stability and activity in high- and low- 
pH silages. Physical and chemical changes occurring in 
these silages during autolysis were monitored to under- 
stand the relationship between the type of proteinases 
present and the nature of autolysis. 

EXPERIMENTAL SECTION 

Preparation of Silages. Rainbow trout (Oncorhymchus 
mykiss), 1-2 years of age and weighing between 500 and 800 g 
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(25-40 cm long) were harvested from the aquaculture ponds of 
the Saskatchewan Research Council, Saskatoon, during Oct 1986. 
Visceral contents of 100 fish were immediately chilled and later 
(-5 h) passed through a meat mincer. Minced viscera were 
thoroughly mixed, frozen in small lots (1 kg) at -40 OC, and 
stored at -70 "C. Silages were prepared by slowly acidifying 
the thawed viscera while rapidly mixing with a paddle-type agi- 
tator. In silages used for enzyme assays, viscera were initially 
diluted with water (1.33X) before acidification, to facilitate bet- 
ter extraction and pH adjustment. One group of silages (silage 
A) were acidified with formic acid (3% w/w) to pH 3.0, while 
lower pH silages (silage B) were acidified to pH 2.0 with 12 N 
sulfuric acid. A third type of silage (low-pH buffered silage or 
silage C) was prepared by further acidifying silage A to pH 2.0 
with 12 N sulfuric acid. 

Assay of Proteinases. The aqueous phases of silages A and 
B were used for enzyme assays after 12 h of ensilation at 30 "C. 
Aqueous phase was obtained by centrifugal separation (2000g, 
30 min) and filtration of the siphoned aqueous phase through 
Whatman No. 3 and 42 papers. The pH and protein content 
(Gornall et al., 1949) of the aqueous phases were measured, and 
the remaining aqueous phase was stored in aliquots at -70 "C. 
Aliquots were thawed and then held on ice during the protein- 
ase assays. 

General proteolytic activity was assayed at the initial pH of 
the silages, pH 2 and 3, with azocoll (this and all other protein- 
ase substrates were obtained from Sigma) by a modification of 
the method of Dean and Domnas (1983). The substrate (5 & 
0.1 mg) was suspended in 2.3 mL of buffer (the compositions 
of this and other buffers are given in Table I) at 30 "C (all 
assays were conducted at 30 "C) and the reaction initiated by 
addition of 0.2 mL of silage. The reaction was terminated after 
50 min by adding 1 mL of 35% trichloroacetic acid (TCA) and 
filtered. Absorbances of filtrates were measured at 520 nm against 
a water reagent blank. Pepsin-type activity in silage was mea- 
sured by an identical procedure at pH 1.7, along with a stan- 
dard pepsin preparation (Sigma; 3 X  crystallized, 1 mg/mL), and 
activity expressed as pepsin equivalents. Activities of other pro- 
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Table I. Comrtosition of Buffers Used for the Assays of Proteinase in Fish Silagea 

Raghunath and McCurdy 

enzyme 
pepsin 
chymotrypsin 
trypsin 
elastase 
carboxypeptidase A 
carboxypeptidase B 
aminopeptidase 
cathepsin B 
cathepsin C 
general proteolytic act. 

opt PH 
1.7 
7.8 
8.2 
8.0 
7.5 
7.65 
7.0 
6.4 
5.3 

opt PH 
KCl-HC1 
Tris-HCIC 
Tr is-H Cl 
Tris-HC1 
Tris-HC1 
Tris-HC1 
phosphate 
phosphate 
citrate 

buffer used at 
pH 3.0 pH 2.0 

NAb NA 
citrate KC1-HCl 
citrate KCl-HCI 
citrate KC1-HCl 
citrate KCl-HCI 

citrate KC1-HCl 
citrate KCl-HCl 
citrate KC1-HCl 
citrate KCl-HCl 

GlyHCl KC1-HCl 

molarity 
other components 

in buffers 
0.1 
0.1 
0.05 
0.1 
0.025 
0.025 
0.06 
0.08 
0.1 
0.1 

0.1 M CaCl, 
0.02 M CaCl, 

0.5 M NaCl 
0.1 M NaCl 

0.8 mM EDTA + cysteine, 1% DMSOd@ 
0.5 mM MEA-HClf 

' All assays were conducted at 30 OC. NA = not assayed. Tris = tris(hydroxymethy1)aminomethane. EDTA = ethylenediamine- 
MEA.HCl= mercaptoethylamine hydrochloride. Buffer compositions according to Dawson tetraacetic acid. e DMSO = dimethyl sulfoxide. 

et al. (1986). 

teinases were measured against the following substrates: BTEE, 
chymotrypsin-like activity (Walsh and Wilcox, 1970); BAPNA, 
trypsin-like activity (Dean and Domnas, 1983); Suc(Ala),-NA, 
elastase-like activity (Kasafirek et  al., 1976); Hip-Phe, carbox- 
ypeptidase A like activity (Folk and Schirmer, 1963); Hip-Arg, 
carboxypeptidase B like activity (Folk et  al., 1960); Leu-NA, 
aminopeptidase-like activity (Pfleiderer, 1970); BAPNA, cathe- 
psin B like activity (Otto and Riesenkonig, 1975); Gly-Phe- 
NA, cathepsin C like activity (McDonald et  al., 1966). Activi- 
ties of all proteinases were corrected against substrate blanks 
(apparent activity in the absence of substrate) in addition to 
the normal reference blanks (without enzyme sample). 

Physical  a n d  Chemical Changes in Silages dur ing  
Autolysis. Silages A-C prepared as described earlier were dis- 
pensed into capped jars (30 g) and test tubes (6 g), which were 
allowed to  autolyze at 30 OC. At various intervals, a jar of each 
silage was removed and homogenized and duplicate samples were 
withdrawn for total nitrogen (1-2 g) and nonprotein nitrogen 
(8-10 g) analyses. Silages in test tubes (in duplicate) were also 
removed a t  similar intervals, and 5-g aliquots were centrifuged 
a t  1400g for 30 min. After centrifugation, the aqueous phase 
was removed with a graduated syringe, and its volume and pH 
were measured. 

Chemical Analyses. Total nitrogen (TN) and nonprotein 
nitrogen (NPN) in the silage were determined by the semimicro- 
Kjeldahl method [Method No. 46-12 of the AACC (1976)l. Sam- 
ples for NPN determination were prepared by blending the sam- 
ples with 3 volumes of 13.33% TCA (final TCA concentration 
10%) and filtering through Whatman No. 3 paper under low 
suction. Filtrates were freed from any lipid material by cen- 
trifugation. TCA solubles were also analyzed for peptide nitro- 
gen (Gornall e t  al., 1949) and a-amino nitrogen (Rosen, 1957). 
Egg albumin and glycine were used as standards for peptide 
and a-amino nitrogen (a-NH, N) determinations, respectively. 

Gel Filtration. Aqueous phases from silages A-C were 
obtained as described under Assay of Proteinase, heated (85 
"C for 20 min) to inactivate the enzymes, cooled, and centri- 
fuged a t  3640g for 30 min. The supernates were filtered through 
0.45-wm pore size filters, and the absorbance (280 nm) and pH 
of the filtrates were measured. Aliquots of the filtrates (0.5 
mL), suitably diluted to yield equivalent absorbances, were loaded 
on a Sephadex G-25 column. The following buffers whose pH 
values were within f0.05 unit of the autolysate were chosen for 
elution to  avoid sample precipitation on column due to pH 
changes. Citrate-phosphate buffers (0.11 M) a t  pH 3.2 and 2.8 
were used for silages A and B, respectively, and equimolar gly- 
cine hydrochloride buffer a t  pH 2.3 was used for silage C. 

RESULTS AND DISCUSSION 

Proteinase Activities in Silages. The hydrolytic activ- 
ities in silages A and B were assayed a t  two different 
pHs against various proteinase substrates: (a) a t  the opti- 
mum pH for a proteinase and (b) a t  the initial pH of 
ensilation. The activity against a substrate found to be 
stable a t  the optimum pH, but undetected at the ensila- 
tion pH, may still contribute appreciably to autolysis 

during the long periods of ensilation. As the viscera mainly 
consists of digestive organs, proteinase substrates with a 
bias toward digestive proteinases were mostly selected 
for screening. The activity observed against a particu- 
lar substrate in this experiment is more indicative of the 
presence of a class/type of proteinase, rather than solely 
attributable to that proteinase, due to the crude nature 
of the silage. 

Silage A (ensiled a t  pH 3.0) hydrolyzed a number of 
proteinase substrates (Table 11). The activities against 
substrates of elastase and carboxypeptidases A and B 
appeared to have been totally inactivated by the acid pH 
conditions, which supports the earlier observations made 
in other fish (Clark et al., 1985; Cohen et al., 1981; Petra, 
1970; Overnell, 1973). The hydrolysis of BTEE, a chy- 
motrypsin substrate, was stable at pH 7.8 but could not 
be detected at pH 3.0. Chymotrypsins from most fish 
rapidly lose their activity when exposed to pH 3 or below 
(Croston, 1960; Jany, 1976; Prahl and Neurath, 1966), 
but the inactivation a t  pH 4 is reported to be slow (Cohen 
et al., 1981). Mammalian chymotrypsins are however 
highly stable at pH 3.0 (Wilcox, 1970). 

Silage A actively hydrolyzed Azocoll a t  pH 1.7, indi- 
cating the presence of pepsin-type enzymes. Rainbow 
trout pepsin is reported to have an optimum pH of 3.0 
but is also active a t  pH 1.7 (Twining et al., 1983). Hence, 
pepsin-type proteinases would be definitely involved in 
autolysis of silage A. The specific pepsin substrate N- 
acetyl-~-phenylalanyl-3,5-diiodo-~-tyrosine was tested but 
could not be used as the high concentrations of free amino 
acids in the silage interfered with the determination of 
small quantities of diiodo-L-tyrosine released. In addi- 
tion, some fish pepsins are reported to be inactive against 
this substrate (Noda and Murakami, 1981). 

Silage A hydrolyzed BAPNA, a common substrate for 
trypsin and acid thiol type proteinases, under the assay 
conditions for both enzymes. The substrate was hydro- 
lyzed a t  the optimum pH for  both enzymes as well as at 
the ensilation pH. Trypsins from some fish are stable, 
though not active under acid conditions (Hjelmeland and 
Raa, 1982; Croston, 1960) while others are unstable and 
are completely inactivated (Shin and Zall, 1986; Cohen 
et ai., 1981). Under acid thiol proteinase assay condi- 
tions BAPNA was hydrolyzed by the silage more strongly 
a t  the ensilation pH than at the optimum pH of 6.4. This 
may be because the optimum pH of 6.4 used in the assay 
was established for acid thiol proteinases of mammalian 
origin (Barrett and Kirschke, 1981), while similar protei- 
nase from a nonmammalian source (squid) has shown a 
much lower optimum pH of 3.0 (Sakai-Suzuki et al., 1986). 
The silage also hydrolyzed Gly-Phe-NA, a substrate for 



Proteinase Activity in Trout Viscera 

Table 11. Activity of Rainbow Trout Viscera Silage' Ens- 
iled with Formic Acid (3% w/w), at a n  Initial pH of 3.0, 
toward Various Proteinase Substrates 

activity 
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substrateb 
nominal enzyme 

assayed 
Azocolld 

BTEE 

Suc(Ala),-NA 
Hip-Phe 
Hip-Arg 
Leu-NA 
BAP-NA 
Gly-Phe-NA 
Azocoll 

BAP-NA 

pepsin 

chymotrypsin 
trypsin 
elastase 
carboxypeptidase A 
carboxypeptidase B 
aminopeptidase 
cathepsin B 
cathepsin C 
general proteolytic 

act! 

units of act.' 
pepsin, 

equiv/mg 
sp act. 
sp act. 
sp act. 
sp act. 
sp act. 
sp act. 
sp act. 
sp act. 
A,*o/mg 

per 50 min 

opt 
PH 

0.10 

17.51 
1.13 
na 
na 
na 
2.31 
0.45 
0.45 

PH 
3.0 - 

nae 
0.85 
na 
na 
na 
0.11 
1.41 
0.21 
0.06 

a Enzyme samples were prepared for assay by filtration of aque- 
ous phase of centrifuged 12-h-old silage. * See abbreviations for 
full names of substrates. Pepsin equiv/mg = pepsin equivalents/ 
milligram of silage protein. Specific activity = millimoles of prod- 
uct formed per minute per milligram of silage protein. A,,,/mg 
per 50 min = change in absorbance at 520 nm per milligram of 
silage protein in 50 min. Pepsin-like activity was not assayed at 
pH 3.0 as it would overlap with general proteolytic activity. e na = 
no activity. f General proteolytic activity was assayed at  the initial 
pH of silage; optimum pH was not determined. 

cathepsin C under the assay conditions for the enzyme, 
a t  both its optimum pH and the ensilation pH. Cathe- 
psin C also has a fairly low optimum pH of 5.0 (McDon- 
ald et  al., 1966; Hopsu-Haw et al., 1977). Leu-NA hydro- 
lytic activity was observed in silage A both a t  the opti- 
mum pH for aminopeptidase and a t  the ensilation pH. 
However, aminopeptidases from rainbow trout and other 
fish are reported to be inactive below pH 4.0 (Bouck et 
al., 1975; VoVan et al., 1983); indicating the possible 
involvement of other exo-peptidases in the hydrolysis of 
this substrate. 

Proteinase activity in the low-pH silage, silage B (ensiled 
a t  pH 2.0), was distinctly different from that of silage A. 
Proteolytic activities were observed only against Azocoll 
(0.01 pepsin equiv/mg of protein a t  pH 1.7) and Leu- 
NA (specific activity 0.49 a t  pH 7.0). The latter sub- 
strate was, however, not hydrolyzed a t  the ensilation pH. 
Thus, proteolytic activity against all other substrates 
appeared to have been inactivated, which was reflected 
in a much lower general proteolytic activity compared to 
silage A (0.01 absorbance unit/mg of protein per 50 min 
a t  pH 2.0). Hence, proteolytic activity in silage B would 
appear to be mostly due to pepsin-type enzymes. 

The stable proteolytic activity in silage A toward sev- 
eral proteinase substrates is of great advantage when the 
proteinases responsible are sought to be recovered/ 
isolated. The feasibility of such recovery has been dem- 
onstrated with cod, mackerel, and salmon silages (Reece, 
1988). The low-pH silage B differed from silage A, prin- 
cipally in the lower proteolytic activity and the absence 
of any exo-peptidase activity a t  the ensilation pH. The 
effect of these differing proteinase complements was clearly 
demonstrated when autolysates from the two silages were 
analyzed. 

Time Course of Autolysis in Silages. The liquefac- 
tion of silages as monitored by the increase in the vol- 
ume of centrifugable aqueous phase (Figure 1) was fast- 
est in silage A, which was also liquefied to a greater extent 
than silages B and C. The amounts of undigested frac- 
tions in the latter silages, correspondingly, were higher. 
Initial rates of liquefaction for all silages were compara- 
ble to cod viscera silages reported earlier (Raa and Gild- 

50 1 

20 
96 144 192 240 288 0 4s 

Hours of autolysis 

Figure  1. Course of liquefaction of different silages. Silages 
A (EI), B (m), and C (0) were centrifuged and the volumes of 
aqueous layers expressed as a percent of the total weight of 
silage. 

3.4 1 

3'01 2.8 

2.0 t 0 46 96 144 192 240 288 

Hours of autolysis 

Figure  2. Changes in the p H  of aqueous phases of silages dur- 
ing the course of autolysis. Aqueous phases obtained by the 
centrifugation of silages A (a), B (m), and C (0) were separated 
and their pH values measured. 

berg, 1976; Gildberg and Raa, 1977), but the final extent 
of liquefaction was lower, which could be because of the 
inclusion of both the lipid and aqueous layers in calcu- 
lating the liquefaction in earlier experiments. 

The pH values of aqueous phases from all the silages 
increased during autolysis, but those of silages A and C, 
containing formic acid, increased by a lesser extent than 
silage B, ensiled with sulfuric acid only (Figure 2). The 
rise in pH during autolysis of fish silage has been com- 
monly observed (Rattagol et  al., 1979; Beddows et  al., 
1976), as also the buffering effect of formic acid against 
this increase (Reece, 1980). 

The initial rate as well as the final extent of autolysis 
as measured by the degree of hydrolysis (DH = NPN/ 
TN %) was highest in the case of silage A, followed by 
silages B and C, respectively (Figures 3-5). This con- 
firmed the observations made using liquefaction as an 
autolysis index. After 48 h, autolysis was quite slow in 
all silages and additional proteolysis was limited, espe- 
cially in silage C. The pattern of autolysis in silage A 
was similar to those of higher pH silages made with tem- 
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loo 1 
so 4 4  

0 4s 9 6  144 192 240 255 

Hours of autolysis 

Figure 3. Changes in the nonprotein nitrogen (NPN) and its 
subfractions during the autolysis of silage A, ensiled with 3% 
formic acid at an initial pH of 3.0. Trichloroacetic acid solu- 
bles of the silage were analyzed for NPN (H), peptide nitrogen 
(a), and a-amino nitrogen (8)  and expressed as percents of the 
total nitrogen in silage. 

90 1 

0 1 0 45 96 144 192 2 4 0  288 336 

Hours of autolysis 

Figure 4. Changes in the nonprotein nitrogen (NPN) and its 
subfractions during the autolysis of silage B, ensiled with sul- 
furic acid at an initial pH of 2.0. Trichloroacetic acid solubles 
of the silage were analyzed for NPN (m), peptide nitrogen (a), 
and a-amino nitrogen (a) and expressed as percents of the total 
nitrogen in silage. 

perate water fishes (Freeman and Hoogland, 1956; Tatter- 
son and Windsor, 1974; Backhoff, 1976; Gildberg and Raa, 
1977), except where autolysis was slowed by low ensila- 
tion temperatures (Backhoff, 1976; Raa and Gildberg, 1976) 
or by tropical fish resistant to autolysis (Hall et al., 1985). 

The changes in the peptide and a-amino nitrogen 
(a-NH, N) fractions of silage A were highly substantive 
of the type of proteinase activity in this silage (Figure 
3). An initial increase in peptide N was quickly fol- 
lowed by its continuous decline, while a-NH, N increased 
with the progress of autolysis. In light of the high activ- 
ities against endo- and exo-peptidase substrates in silage 
A, these changes can be explained as an initial genera- 
tion of oligopeptides by endo-peptidase action, which were 
further broken down to short peptides and free amino 
acids by the exo-peptidases. Similar increases in dialyz- 
able or free amino nitrogen with concomitant decreases 
in oligopeptide or peptide fractions have been noticed in 

75 9 0 1  

.Ok+-- 
30 

c 

0 : .  I .  I .  I . I .  , . I . ,  

0 45 9 6  144 192 240 288 335 

Hours of autolysis 
Figure 5. Changes in the nonprotein nitrogen (NPN) and its 
subfractions during the autolysis of silage C, ensiled with 3% 
formic acid and adjusted to pH 2.0 with sulfuric acid. Trichlo- 
roacetic acid solubles of the silage were analyzed for NPN (H), 
peptide nitrogen (a), and a-amino nitrogen (a) and expressed 
as percents of the total nitrogen in silage. 

fish silages ensiled at pH 3-4 (Haard et al., 1985; Stone 
and Hardy, 1986). In contrast, peptide N in silage B 
reached higher levels despite its lower DH and declined 
after 192-240 h of ensilation (Figure 4). The increase in 
a-NH, N was gradual, exceeding the peptide N levels 
after 240 h. These changes can be explained in light of 
the hydrolytic activity observed in silage B against Leu- 
NA at the optimum pH for aminopeptidase activity (pH 
7). Though the hydrolysis of this substrate was not 
detected a t  the ensilation pH (pH 2) within the rela- 
tively short time of the assay, the stable Leu-NA hydro- 
lytic activity could be responsible for the gradual increase 
in a-NH, N over the autolysis period of 14 days. 

Silage C was the least autolyzed among the three silages 
but had the highest peptide N levels even after 14 days 
(336 h) of ensilation (Figure 5). The a-NH, N levels 
remained virtually constant throughout the ensilation 
period, indicating complete suppression of exo- 
peptidase activity. Since both silages B and C were ini- 
tially ensiled at pH 2.0, maintenance of ensilation pH 
close to 2.0 in silage C would appear to be responsible 
for this suppression. In “acid-stabilized” silages of Pacific 
whiting, Stone and Hardy (1986) reported no increases 
in a-NH, N even after 42 days of storage but little pro- 
teolysis occurred in these silages (-45% DH in 42 days 
vs 71% DH in 14 days with silage C). 

The size distribution of peptides in aqueous phases of 
the three silages showed that the peptides were roughly 
distributed in three size ranges (Figure 6): a high molec- 
ular weight (MW) fraction of 1300->3500, an interme- 
diate fraction of 500-1300, and a low-MW fraction of <500. 
Peptide fractions of high and intermediate MW were most 
abundant in silage C followed by silage B and silage A. 
The latter silage had considerable quantity of low-MW 
fractions unlike the other two silages. These results recon- 
firmed the near-absence of exo-peptidase activity in silages 
B and C, which would have produced low-MW fractions, 
as in the case of silage A. Greater amounts of low-MW 
peptides (C700) were found in pH 4.0 than in pH 2.0 
silages by Reece (1980). 

These experiments demonstrate the influence of the 
pH of ensilation on the proteinase complement in fish 
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94-1; cathepsin B, 9047-22-7; cathepsin C, 9032-68-2; trypsin, 
9002-07-7; formic acid, 64-18-6. 
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Figure 6. Gel filtration chromatography of the aqueous phases 
of silages A-C: sample size, 0.5 mL; fraction size, 2 mL; V,, 
elution volume; V,, void volume. Molecular weight standards: 
1, glucagon (3550); 2, vitamin B,, (1570); 3, oxytetracycline hydro- 
chloride (500); 4, tryptophan (200). 

silage and the nature of autolytic products. At  pH 3.0, 
both exo- and endo-peptidases, from digestive organs as 
well as tissues, were active in the autolysis of rainbow 
trout viscera silage. Lowering the pH of ensilation to 
2.0 limited the proteolytic activity to pepsin-type protei- 
nases and reduced the formation of short peptides and 
amino acids. This formation was completely suppressed 
when the rise of pH during autolysis was minimized by 
the presence of 3% formic acid in pH 2.0 silage. 

ABBREVIATIONS USED 

TCA, trichloroacetic acid; TN, total nitrogen; NPN, 
nonprotein nitrogen; a-NH, N, a-amino nitrogen; DH, 
degree of hydrolysis (NPN/TN %); peptide N, peptide 
nitrogen; BTEE, benzoyl-L-tyrosine ethyl ester; BAP- 
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Phe, hippuryl-L-phenylalanine; Hip-Arg, hippuryl-L- 
arginine; Leu-NA, leucine p-nitroanilide; Gly-Phe-NA, 
glycyl-L-phenylalanine p-nitroanilide. 
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Interaction of &Lactoglobulin with K-Casein in Micelles As Assessed by 
Chymosin Hydrolysis: Effect of Temperature, Heating Time, 
,&Lactoglobulin Concentration, and pH 

I. Mohan Reddyt and John E. Kinsella' 

Institute of Food Science, Cornel1 University, Ithaca, New York 14853 

Heat-induced interaction of P-lactoglobulin (p-Lg) with K-casein (K-C) on intact micelles was studied 
by following the kinetics of chymosin hydrolysis. The rate of enzymic reaction was determined on 
the basis of the release of glycomacropeptide (GMP) soluble in 8% TCA. Heating of p-Lg with K-C 
and with casein micelles in Jenness-Koops buffer a t  pH 6.8 inhibited chymosin hydrolysis, resulting 
in decreased initial velocity (Vi) and GMP release. Heating casein micelles alone did not affect thy- 
mosin hydrolysis. Vi and the release of GMP decreased steadily with increasing temperature of heat- 
ing from 60 "C  and reached a maximum at  85 "C. The decreases in Vi and GMP release at  85 O C  

were 37 and 26%, respectively. Inhibition reached a maximum after heating for 10 min at  85 "C, 
with 38% decrease in Vi and 28% decrease in GMP. A heating time of 1 min at  85 O C  caused a 9% 
decrease in Vi and 15% decrease in GMP release. Decrease in Vi and the release of GMP was pro- 
portional to the concentration of p-Lg (0.05-0.50%) added to  casein micelles. Heating of casein micelles 
and P-Lg a t  pH 6.0 or 7.5 did not improve chymosin hydrolysis, whereas lowering to pH 5.8 and read- 
justing to pH 6.8 before chymosin addition improved chymosin hydrolysis. 

The heat-induced interaction of 0-lactoglobulin (8-Lg) 
and K-casein (K-C)  has been extensively studied (Sawyer, 
1969; Smits and van Brouwershaven, 1980; Euber and 
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Brunner, 1982; Doi et al., 1981, 1983; Haque et al., 1987; 
Haque and Kinsella, 1988). Using 3H-labeled 0-Lg, Smits 
and van Brouwershaven (1980) presented evidence of asso- 
ciation of casein micelles and 0-Lg. The existence of a 
P-Lg and K-C complex in heated milk has been reported 
(Snoeren and van der Spek, 1977; Elfagm and Whee- 
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