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Utilization of Spent Hens as a Flavoring Base: 1. Preparation and
Characteristics of Spent Hen Meat Enzymatic Hydrolysate
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Abstract: Studies were conducted to investigate the hydrolyzing efficacies of papain (P}, bromelain {B}, trypsin (T),
and Aspergillus oryzae protease (A) on ground spent hen breast meat. Ground breast meat, water, and enzyme
were mixed and hydrolyzed in a water bath at 50°C for four hours. The enzyme activity was terminated by placing
the reaction bottles in boiling water for 15 min. Optimal pH values, enzyme concentrations, and sensory
characteristics of enzymatic hydrolysates were determined for each enzyme and enzyme combinations. Results
indicated that pH 5.0-7.0 was the optimal range for all treated enzymes. Papain and Aspergillus oryzae protease
at the 1.0 % (w/w, based on weight of raw meat) level showed the highest (P<0.05) hydrolysis efficacy, followed
by 0.5% (w/w) and 0.1% (w/w). Considering the enzyme cost factor, the hydrolysates from A, P+A, P+B, and
P+ A +B were selected for sensory study. Undiluted enzymatic hydrolysates showed higher {P <0.05) scores in
chickeny, meaty, mouth feeling, bitterness, and umami sensory attributes compared with the controls but there
were no (p<0.05) difference on all sensory attributes among those enzyme hydrolysates. Generally, P+ A showed
the highest acceptability in sensory attributes among treatments followed by P+A +B, A, and P+B. Considering
enzyme efficacy, cost, and sensory attributes, P+A and P+A+B were recommended for spent hen meat
hydrolysate preparation.

Key words: Spent hen, papain, bromelain, trypsin, Aspergillus oryzae protease, proteolytic activity, sensory
attributes

Introduction

Spent hens are 2 to 3 years of layer’s age at the end of laying cycle. The laying hens have very fragile bones
which easily break during handling due to the high calcium consumption in producing eggshells (Feddes and
Zuidhof, 1997). Because of the light body weight of a spent hen, the amount of edible meat that can be obtained
from the carcass is small and its quality poor due to the fragile bone breakage into its flesh during processing makes
spent hen meat undesirable (Mench, 2001).

Many flavor compounds found in cooked or processed foods occur as the result of reactions common to all types
of foods, regardless of whether they are of animal, plant, or microbial derivation. These reactions take place when
suitable reactants are present and appropriate conditions (heat, pH, light) exist {Lindsay, 1996). There are three
major methods for manufacturing hydrolysates: 1) basic hydrolysis, 2) acidic hydrolysis, and 3) enzymatic
hydrolysis. The sources of enzymes applied in protein hydrolysis are come from plant, animal, and microorganisms.
Proteolysis occurring during ripening yields polypeptides, peptides, free amino acids, etc. The reactions involved
in the generation of these compounds are catalyzed by endogenous enzymes, such as cathepsins and trypsin-like
proteinases.

Enzymatic hydrolysis is one of the various methods used to modify the functional properties of muscle proteins
{Hrckova et al., 2002). In enzymatic hydrolysis, reactions between selected enzyme and proteins of meat take
place and many taste compounds are obtained. These taste compounds are mostly amino acids, peptides, and
nucleotides which impart the characteristics of sweet, bitter, or tasteless. The types and amounts of hydrolyzed
compounds formed depend on types and concentrations of proteolytic enzyme used, as well as on the pH,
temperature, and time needed to conduct the procedures (deMan, 1990).

The spent hen meat is generally tough due to the collagen content and cross linkages (Bailey, 1984). Hence, the
meat has limited usage in whole meat foods and has reduced market price in the US (Sams, 1990; Nurmahmudi
and Sams, 1997). Moreover, abundant unprofitable spent hen meat will result in difficulty in their effective
disposal. Since there is a demand in the method to utilize spent hen meat, studies were conducted to investigate
the effects of papain, bromelain, trypsin, and Aspergillus oryzae protease in hydrolysis of spent hen breast meat
at various conditions (pH and concentration} and determine the sensory characteristics of spent hen protein
hydrolysate.

Materials and Methods

Spent Hen Meat : Spent layer carcasses were obtained from a commercial spent hen processing plant in North
Mississippi. The carcasses were packaged individually with polyethylene poultry bags and stored in a freezer at -
18°C. Carcasses were thawed in a refrigerator at 2-4°C overnight and breast meat were separated manually.
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18°C. Carcasses were thawed in a refrigerator at 2-4°C overnight and breast meat were separated manually.

Preparation of Spent Hen Hydrolysate

Preparation of Spent Hen Breast Meat Suspension : Pooled boneless and skinless breast meat were ground twice
through a meat grinder plate (Kitchen Aid Model: K5SS, Troy, Ohio) with 4.2-mm-diameter holes. The ground
breast meat was mixed with ten-fold volume of distilled water and blended in a Waring Blendor (Sears Insta-Blend
Model#400829302, Sear Roebuck and Co., Hoffman, IL) into slurry for 30 sec. Spent hen meat suspensions were
heated in boiling water for 20 min to 95°C to denature native enzymes present in the raw ground breast meat,

Enzymes Source : Bromelain (EC 3.4.22.32, from pineapple stem), trypsin (EC 3.4.21.4 from porcine pancreas),
papain (EC 3.4.22.2 from papaya latex), and protease (type XXIll from Aspergillus oryzae) were purchased from
Sigma Chemical Co. {St. Louis, MO) for hydrolyzing the ground breast meat suspensions.

Hydrolysis Procedures : The effects of enzyme concentration and substrate on hydrolysis of hen meat were
investigated. For the effects of pH, meat suspensions were adjusted to pH 4, 5, 6, 7, 8, and 9 by adding either
1N HCl or 1N NaOH. Enzyme and raw meat were added at the rate of 0.1%, 0.5% and 1.0% (w/w). The enzyme-
meat suspensions were placed in a 50°C water bath and incubated for four hours. During incubation, the mixtures
were mixed at 30-min intervals. The enzyme activity was terminated by placing the reaction bottles in boiling
water for 15 min. The hydrolysates were filtered with No. 2 paper (Whatman International Ltd., Maidstone,
England) for filtrate collection (Fig. 1). The filtered hydrolysates were stored at -18°C for further analyses.
Combinations of bromelain, trypsin, papain, and Aspergillus oryzae protease the various enzyme concentrations
{Table 1) at natural pH of meat suspension were also used to hydrolyze spent hen breast meat suspension.

Table 1:Concentration of enzyme combinations

Enzyme Combination Enzyme Concentration' {W/W)
Papain + Bromilain (P + B) 0.50%P +0.50%8B
Papain + Protease (P +A) 0.50%P +0.50%A
Papain + Trypsin (P+ T} 0.50%P +0.50%T
Bromilain + Protease (B+ A) 0.50%B +0.50%A
Bromilain + Trypsin (B+ T} 0.50%B+0.50%T
Protease + Trypsin (A+T) 0.50%A +0.50%T
Papain + Bromilain + Protease (P+ B+ A) 0.33%P+0.33%B+0.33%A
Papain + Bromilain + Trypsin (P+B+T) 0.33%P+0.33%B+0.33%T
Papain + Protease + Trypsin (P+A+T) 0.33%P+0.33%A+0.33%T
Bromilain + Protease + Trypsin (B+A+T) 0.33%B+0.33%A+0.33%T
Papain + Bromilain + Protease + Trypsin (P+B+A+T) 0.25%P+0.25%B+0.25%A +0.25%T

'Enzyme dose was calculated based on weight of raw meat

Hydrolysate Analyses

Proteolytic Activity : The proteolytic activity of enzymes was measured by using methods as described by Chang
(1998). Briefly, 5 mL of protein hydrolysate was added into a test tube containing 1 mL of distilled water, followed
by 10 mL of 0.72 N trichloroacetic acid {(Fisher Scientific Co., Fair Lawn, NJ). The mixture was filtered through
No. 2 filter paper. The filtrate (0.5 mL} was mixed with sodium carbonate reagent (4.5 mL) and one mL of the
Folin & Ciocalteu’ s phenol reagent (Sigma Chemical Co., St. Louis, MO) was mixed into the sample. After 5 min
of color formation, the optical density was measured against a reagent blank at 650 nM ({Gilford Stasar IlI
Spectrophotometer, Gilford Instrument, Inc., Oberlin, OH). The proteolytic activity was obtained according to a
standard curve prepared with bovine albumin (Sigma Chemical Co., St. Louis, MO).

Sensory Evaluation : Prior to the test, spent hen hydrolysates were thawed in a refrigerator at 2-4°C overnight.
For each treatment, the hydrolysate was diluted four times with distilled water and the diluted hydrolysate was
warmed to 50°C in a water bath before evaluation by panelists. A six-member sensory panel was selected from
faculty and students who have prior sensory evaluation experience. A quantitative descriptive analysis technique
was used for aromatic, feeling factor, and taste analyses {Stone and Sidel, 1993). Four samples of hydrolysates
were served each time.

Statistical Analyses : The data were statistically analyzed by using a completely randomized design (Steel and

Torrie, 1980) with at least four replications. All data were analyzed using the General Linear Models procedure.
The least significant difference test was used for separating means among treatments when mean differences were
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significant (P <0.05) (Freud and Wilson, 1997). The Statistical Analysis System software package V.8.2 (SAS,
2001) was usad for the statistical analysis.

Papain,Bromilain,A. oryzae and Trypsin
Papain,Bromilain,and A. oryzae protease

|10 g raw ground skinless breast meat + 100mL waterl

v

Homogenised by food processor

v

Placed in water bath at t':oiling water for 20 minute

v

Cooled down untill the temperature reached 50° C

Adjusted the selective pH for each enzyme

v

Added 0.1%, 0.5% and 1.0% of the selective enzyme(s)

v

Hydrolyzed at 50° C for 4 hr.

Placed in water bath at boiling water for 15 minutes

v

| Filtered by filter paper No. 2]

Kept the filtrates at -18°C for further analysis & product Processing

Fig. 1:Hydrolysis flow chartof ground skinless spent her breast meat suspension
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Results and Riscusaion

Optimal Spent Hen Meat Enzymatic Hydrolysis Conditions

Optimal pH : Generally, rasults indicated that optimal pH ranges for spent hen meat suspension enzyme hydrolysis
were 6.0-7.0 for papain, 6.0-7.0 for bromelain, 6.0 for Aspergillus oryzae protease, and 6.0 for trypsin (Table 2).
Liaset et al. (2000) reported that the factors affecting enzymatic hydrolysis were the nature of the substrates, the
type of enzymes, the enzyme-to-substrate ratio, and the concentration of substrates. In addition, each enzyme
can only react on its specific peptide bonds (Webster et al., 1982). Sen et al. (1962} studied the papain hydrolysis
of fresh water fish and discovered that the release of free amino acids was greater at pH 7 than at pH 6. pH 7.0
was optimal for papain, bromelain, trypsin, and ficin in hydrolyzing fish protein (Hale, 1969). In general, the
enzymaes from fungal sources are effective in slightly acid conditions (Saunder, 1985). Our study showed similar
optimal pH conditions for papain, bromelain, Aspergillus oryzae protease, and trypsin on spent hen meat hydrolysis,
which is around pH 6 to 7. Hence, the natural pH condition of meat suspension around pH 6.2 was chosen for
further hydrolysis studies.

Table 2: The proteolytic activity of blended breaset meat suspension as affected by

different enzymes at various pH

Enzyme (1%, W/W)' pH Protein Concentration(mg albumin/mL)
Papain

13.92¢
22.40ab
26.96q
27.26a
17.98bc
20.18bc

OCONDO D

Bromilain

21.23c
29.77ab
32.48a
32.58a
25.38be
24.70be
Aspergillus Oryzae Protease
22.88¢
33.97ab
356.06a
32.72ab
28.44bc
25.4Bbc

Trypsin

3.68e
7.58d
16.680a
12.96bc
10.41dc
14.94ab

OONOGA D

Each value represents the mean of four perlications,
a-e, Mean in a column is an enzyme group followed by unlike letters differ significantly (P <0.05)
'Enzyme usage was calculated based on weight of raw meat

Optimal Enzyme Concentration : As expected, one percent (w/w} of papain, bromelain, trypsin, and Aspergillus
oryzae protease showed the highest (P < 0.08) hydrolysis efficacy, followed by 0.5% (w/w) and 0.1% (w/w) (Tahle
3). The percentage of enzyme was based on the raw meat weight in the suspensions. For bromelain and trypsin,
the effects of enzyme concentrations on hydrolysis efficacy did not show as great as those of the papain and
Aspergillus oryzae protease (Table 3). Rebeca et al. (1991) reported that the increase of protease concentration
and duration in fish protein hydrolysis were associated with an increase in soluble nitrogen. When hydrolyzing
rapeseed meal with pepsin, papain, trypsin, ficin, and hemicellulase at various concentrations (range of 20-100
mg/g protein), Mahajan and Dua (1998) found that the degree of hydrolysis increased significantly up to 60 mg/g
of protein with increasing concentrations of all enzymes.
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Table 3:The proteolytic activity of blended breast meat suspension as affected by different enzymes with various

concentrations
Enzyme Enzyme Concentration' (W/W) Protien Concentration (mg albumin/mL)
Papain
0.1% 17.77¢
0.5% 24.59b
1.0% 31.66a
Bromilain
0.1% 15.40c
0.5% 25.97b
1.0% 33.29a
Aspergillus Oryzae Protease
0.1% 15.40¢
0.5% 25.97b
1.0% 35.01a
Trypsin
0.1% 9.91b
0.5% 12.95ab
1.0% 16.60a

Each value represents the mean of four perlications,
a-e, Mean in a column is an enzyme group followed by unlike letters differ significantly (P <0.05)
'Enzyme usage was calculated based on weight of raw meat
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Fig. 2: The proteolytic activity of blended breast meatsuspension as affected by different enzymes 'One
persent(w/w, based on weight of raw meat} of enzyme was used

Effects of Enzyme Combinations : While a lower (P <0.05) proteolytic activity reading was recorded for trypsin,
no differences (P> 0.05) in protein proteolytic activity were observed among 1% papain, bromelain, and Aspergillus
oryzae protease (Fig. 2). Papain, bromelain, pepsin and ficin are most widely applied to hydrolyze poultry and fish
products (Hale, 1969; Hevia et al, 1976).

Data from enzyme combination studies have indicated that reducing individual enzyme concentration reduced
proteolytic activity. The proteolytic activities of various enzyme combinations are summarized in Figure 3. For
example, the combination of 0.5% Aspergillus oryzae protease and 0.5% bromelain had lower proteolytic activity
than either 1% Aspergillus oryzae protease or 1% bromelain. Mimouni et al (1999) found that the hydrolysis of
gluten by the combination of pepsin and alcalase showed a higher nitrogen solubility index than individual pepsin.
Pedersen et al. (1996) studied organoleptic properties of meat hydrolysates and concluded that the use of neutral
and alkaline protease combinations provided more satisfactory hydrolysates than those from individual enzymes.

Sensory Characteristics of Spent Hen Hydrolysate : Flavor profiles of hydrolysate were different for each type of
enzyme and enzyme combination. Generally, hydrolysate from A and P+ B had higher scores in the chickeny
attribute than other treatments (Table 4). Higher meaty intensities in A, P+A+T, A+T, P+B+T, and P+B were
judged by panelists. In mouth filling, A, P+A+T, P+A, and P+ A +B had higher scores rather than others. For
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Fig. 3: The proteolyticactivity of blended breast meat suspension as affected by individual enzyme and
combinations 'P-Papain, A-Aspergillus oryzae protease, B-Bromilain, T-Trypsin

the umami attribute, the highest score (P<0.05) was recorded in hydrolysate form A. However, panelists regarded
hydrolysates from B+ A and bromelain as the most bitter among treatments.

For enzyme-hydrolyzed spent hen meat, the content of free amino acids, sweet and bitter amino acids, and
nucleotides varied, depending on the types of enzymes used. Sucan et al. {2002) mentioned that the qualitative
and quantitative aroma profiles of meat-based flavors varied by meat type, enzyme type, and thermal processing
conditions.

The reaction of the mixture of amino acids, sulfur compounds, and reducing sugar provided the species-specific
flavor of chicken (Farmer, 1999). About 500 volatile aroma compounds have been identified in chicken meat
(Rose, 1997). The meaty flavor in chicken broth has been attributed to 2-Methyl-3-furanthiol (Sucan et al, 2002).
Weir (1982) indicated that 5' -ribonucleotides and MSG provide the umami sensation in protein hydrolysates. The
bitter taste of protein hydrolysate is related to the hydrophobicity, the large number of amino acids, and the amino
acid derivatives. The amino acids released during the protein hydrolysis, such as histidine, tryptophan, isleucine,
and phenylalanine result in a bitter flavor (Silva, et al, 1999). Hydrolysis of chicken meat by using bromelain tends
to produce a bitter taste (Surowka and Fik, 1994). Hence, considering the hydrolyzing degree, acceptability of
sensory attributes and enzyme cost, A, P+ A, P+B, and P+A + B were chosen for further sensory evaluation.
Trypsin is expensive and had a lower (P<0.05) proteolytic activity than papain, bromelain, and protease.
Therefore, A, P+A, P+B, and P+ A + B hydrolysis were chosen for further sensory evaluation (Table 5). No
differences (P> 0.05) in sensory attributes among undiluted enzymatic hydrolysates were observed, but all of them
were higher (P<0.05) in score than the control (Table 5). Generally, P+ A showed the highest acceptability in

Table 4:Average mean values for chickney, meaty, mouth feeling, biterness and umani sensory attributes of dilutic
enzymatic hydrolysates

Enzyme Cickney Meaty Mouth Feeling Biterness Umani
Control ' 2.26d 2:1%¢ 1.67¢ 0.75d 1.30cd
Papain(P) 4.76bc 2.72bc 3.28b 1.75bed 1.16d
Bromilain(B) 407 2bc 3.67abc 4.49ab 2.71ab 1.39¢cd
Protease(A) 7.7a 5.08a 5.83a 2.46bc 4.02a
Trpysin(T) 4.40¢ 2.78bc 4.10b 1.9be 2.48b
Papain + Bromilain(P + B) 6.25ab 3.82ab 4.10b 2.48bc 2.36b
Papain + Protease(P + A) 6.08b 3.77ab 4.67ab 2.59bc 2.14bc
Papain + Trypsin(P + T) 5.09bc 2.90bc 4.05b 1.52cd 1.58bcd
Bromilain + Protease(B + A) 5.33bc 3.42bc 3.97b 3.80a 2.46b
Bromilain + Trypsin(B + T) 4.38c 2.73bc 3.82b 2.36bc 2.17bc
Protease + Trypsin{A +T) 5.88bc 4.15ab 4.00b 1.95bc 2.01becd
Papain + Protease + Trypsin(P + A +T) 5.50bc 4.19ab 4.78ab 2.58bc 1.98bed
Papain +Bromolain + Trypsin(P +B +T) 5.46bc 3.94ab 4.06b 2.51bc 2.45b
Papain + Protease + Bromilain(P + A +B) ' 5.85bc 3.4Qbc 4.52ab 2.00bc 1.82bod
Protease + Bromilain + Trypsin(A+B +T) 5.34bc 2.94bc 3.73b 2.10bc 1.65bcd
PaEain+Prmease+Bromiiain+Trypsin(P+A+B+T) 5.75bc 3.52abc 4.40ab 1.92bc 2.01bod

Each value represents the mean of 12 replications,
abed, Mean within column not followed by the same letters differ (P<0.08)
.On a 10 point scale with 1 being none and “10" being strong
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Table 5: Average mean values for chickney, meaty, mouth feeling, biterness and umani sensory attributes of
undilutic enzymatic hydrolysates

Enzyme Chickney' Meaty' Mouth Feeling' _ Biterness' Umami'
Control 3.24b 2.17b 2.54b 2.11b 1.95b
Protease(A}" 6.12a 5.45a 5.25a 3.79a 4.29a
Papain + Protease(P + A) 6.98a 5.78a 6.20a 4.92a 4.75a
Papain + Bromilain(P + B} 5.40a 4.67a 5.33a 4.67a 4.38a
Papain + Protease + Bromilain(P+A+B)  6.09a 4.75a 5.88a 4.29a 4.42a

'Each value represents the mean of 12 replications
a-b Means in a column in a sensory attribute group followed by unlike letters differ significaqntly(P <0.05)

sensory attributes among treatments and control followed by P+A +B, A, and P+B. Again, considering enzyme
efficacy, acceptability of sensory attributes, and enzyme cost, P+ A and P+ A+ B should be the two candidates
for product manufacture.

Conclusion

Optimal pH ranges for spent hen meat suspension enzyme hydrolysis were 6.0-7.0 for papain, 6.0-7.0 for
bromelain, 6.0 for protease, and 6.0 for trypsin. Among the 3 test levels, 1% (w/w) of papain, bromelain, trypsin,
and protease showed the highest hydrolysis efficacy, followed by 0.5% (w/w) and 0.1% (w/w). No differences
{P>0.05) in protein proteolytic activity was observed among 1% papain, bromelain, and Aspergillus oryzae
protease; meanwhile a lower (P<0.05) proteolytic activity reading was recorded for trypsin. The sensory
evaluation data showed that P + A had the highest acceptability in sensory attributes among treatments and
control followed by P+ A +B, A, and P+B. According to enzyme efficacy, acceptability of sensory attributes, and
enzyme cost, P+ A and P +A + B could be chosen for product manufacture.

Acknowledgement
The authors express their appreciation to the American Egg Board for supporting this study.

References

Bailey, A. J., 1984. The chemistry of intramolecular collagen. In: Bailey, A. J. (ed}. Recent Advances in Chem.
of Meat. The Royal Society of Chem. Burlington House, London, UK., p: 17-22.

Chang, S. K. C., 1998. Protein Analysis. S. Suzanne Nielsen. Aspen Publishers, Inc. 1998. Food Analysis, pp:
242-244.

deMan, J. M., 1990. Principles of Food Chem. Van Nostrand Rein-hold, New York, NY. p: 264.

Farmer, L. J., 1999. Poultry meat flavor. In : Richardson, R. I. and Mead, G. C. (eds). Poultry Meat Sci. CABI
Publishing, Oxon, UK.

Feddes, J. and M. Zuidhof, 1997. Improving the well-being of spent layers. Poult Res Centre News, 6:1

Freud, R. J. and W. J. Wilson, 1997. Design of experiments. In : Statistical Methods Revised edition. Academic
Press. San Diego, CA. p: 464.

Hale, M. B., 1969. Relative activities of commercially-available enzymes in the hydrolysis of fish protein. Food
Technol., 23 : 107-110.

Hevia, P., J. R. Whitaker and H. S. Olcott, 1976. Solubilization of a fish protein concentrate with proteolytic
enzyme. J. Agric Food Chem., 24: 383-385.

Hrckova, M., M. Rusnakova and J. Zemanovic, 2002. Enzymatic hydrolysis of defatted soy flour by three different
proteases and their effects on the functional properties of resuiting protein hydrolysates. Czech J Food Sci.,
20:7-14,

Liaset, B., E. Lied and M. Espe, 2000. Enzymatic hydrolysis of by-products from the fish-filleting industry;
chemical characterization and nutritional evaluation. J. Sci Food Agric., 80: 581-589.

Lindsay, R. C., 1996. Flavors. In: Fennema, O. R. (ed). Food Chemistry. Marcel Dekker Inc., New York, NY.
p: 723-765.

Mahajan, A. and S. Dua, 1998. Role of enzymatic treatment in modifying the functional properties of rapeseed
{Brassica Camprestris, var. toria) meal. Int J. Sci and Nutri., 49 : 435-440.

Mench, J., 2001. Welfare problems of laying hens. Poultry Press.

Mimouni, B., J. L. Azanza and J. Raymond, 1999. Influence of double enzymatic hydrolyses on gluten
functionality. J Sci Food Agric., 79: 1048-1053.

52



Sangtherapitikul ef a/.: Utilization of Spent Hens as a Flavoring Base

Nurmahmudi and A. R. Sams, 1997. Tenderizing spent fowl meat with calcium chioride. 1 Effects of delivering
method and tumbling. Poult. Sci., 76: $34-837.

Pedersen, H. H., H. S. Olsen and P. M. Nielsen, 1996. Method for producing of meat hydrolyzate. U.S. Patent
# 5,532,007. The U.S. Patent and Trade Office.

Rebeca, B. D., M. T. Pena-Vera and M. Diaz-Castaneda, 1991. Production of fish protein hydrolysates with
bacterial proteases; yields and nutritional value. J. Food Sei., 56: 308-314.

Rose, S. P., 1997. Priciples of Poultry Science. CABI Publishing, Oxon, UK. p: 17.

Sams, A. R., 1990. Lathyrogen effects on the collagen heat stablility and tenderness of spent fowl muscle. Poult.
Sci., 69: 477-481

SAS Institute, Inc. 2001. SAS User’s Guide: Statistics, Version 8.2 Edition. SAS Institute, Inc., Cary, NC.

Saunder, L. (ed), 1995. Selecting an enzyme. Food Product Design.
http://www.foodproductdesign.com/archive/1 995/0595AP.html

Sen, D. P., N. V. Sripathy, N. L. Lahiry, A. Sreenivasan and V. Subrahmanyan, 1962. Fish hydrolysates : Rate of
hyfrolysis of fish flesh with papain. Food Technol,, 138-141.

Silva, M., R. Mazzillli and F. Cusin. 1999. Composition of hydrolysates from meat. J Food Comp Anal., 12: 219-
225.

Steel, R. D. and J. M. Torrie, 1980. Principles and Procedures of Statistics: A biometrical Approach. McGraw-Hill
Book Co., New York, NY.

Stone, H. and J. L. Sidel, 1993. Sensory Evaluation Practices. Academic Press, San Diego, CA.

Sucan, M. K., E. A. Byerly, I. U. Grun, L. N. Fernando and N. B. Trivedi, 2002. Effects of enzyme hydrolysis and
thermal treatment on bioactive flavor compounds in pork-based flavoring ingredients. In : Lee, T.C. and Ho, C.T.
(ed). Bioactive Compounds in Foods : Effects of Processing and Storage. American Chemical Society,
Washington, DC. p: 187-205.

Suroska, K. and M. Fik, 1894. Studies on the recovery of protienaceous substances from chicken heads. Il.
Application of pepsin to production of protein hydrolysate. J. Food Agric. 65 : 289-296.

Waebster, J. D., D. A. Ledward and R. A. Lawrie, 1982. Protien hydrolysates from meat industry by-products.
Meat Sci., 7: 147-157.

Weir, G. $. D., 1982, Protien hydrolysates as flavorings. In: Hudson, B. J. F. {ed). Developments in Food Protiens
— 4. Elgevier Applied Science Publishers, London, UK. p: 175-217.

53



