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IN VITRO SOLUBILITY OF MEAT AND BONE MEAL PROTEIN
WITH DIFFERENT PEPSIN CONCENTRATIONS

SOLUBILIDADE IN VITRO DA PROTEINA DE FARINHAS DE CARNE E OSSOS
COM DIFERENTES CONCENTRACOES DE PEPSINA

Claudio Bellaver Dirceu Luis Zanotte® Anténio Lourengo Guidoni®
Claudete Hara Klein®

RESUMO

A digestibilidaden vitro da proteina de fontes pro-
téicas tem sido correlacionada com a digestibilidadevivo.
Entretanto, fatores como a origem protéica, enzima usada e sua
concentracdo, pH e processamento tém sido relacionados com a
significancia da correlacdo entre as estimativas. Para atuar
somente no fator da concentragcdo enzimatica, este trabalho teve
por objetivo testar a pepsina nas concentragbes de 0,2, 0,02,
0,002 e 0,0002%,tlizando o procedimento padrdao do AOAC
(1995). Duas farinhas de carne e ossos com baixo ou alto teor de
proteina (PB) foram usadas para determinar o coeficiente de
solubilidade da PB em pepsina e HCI (CSCPPEPH). Centrifuga-
¢ao foi usada para obter o nitrogénio (N) na fase sollvel, em vez
da filtracdo eandlise do N no residuo néittr ado. Foi conduzida
uma analise de variancia e o modelo néo linear assintético foi
ajustado aos dados. A variavel CSCPPEPH em diferentes con-

centragBes de pepsina, para as duas farinhas de carne e 0ssos,

mostrou maior discriminagdo da solubilidade com baixa con-
centragdo de pepsina. O nivel de 0,0002% de pepsina é melhor
preditor da PB solGvel nas farinhas de carne e ossos. Os resulta-
dos obtidos permitem assumir que a concentracdo de 0,2%,
definida pelo AOAC, nédo é correta para o propdsito de determi-
nar o intervalo de solubilidade em farinhas de carne e ossos de
alta e baixa PB.

Palavras-chave digestédo, subprodutos de origem animal, meto-
dologiasin vitro.
SUMMARY
In vitro protein digestibility of protein sources has

been correlated with in vivo digestibility values. However, factors
like protein origin, enzyme used and its concentration, pH and
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processing have been related with the significance of the
correlation between the estimates. To address only the enzyme
concentration factor, this paper had the objective of testing
pepsin at 0.2, 0.02, 0.002 and 0.0002% using the standard AOAC
(1995) procedure. Two meat and bone meals (MBM) with low
and high crude protein (CP) content were used to determine the
coefficient of solubility of CP in pepsand HCI (CSCPPEPH).
Centrifugation was used to establish the nitrogen (N) in the
soluble phase, instead ditration and analysis of N in the
residue. The variance analysis and a non-linear asymptotic model
were adjusted. The CSCPPEPH undeiffedent pepsin
concentrations for the two MBM showed higher solubility
discrimination with low pepsin concentration. The level of
0.0002% pepsin is better to predict the CP soluble in MBM. This
finding implies the assumption that 0.2% pepsin found in the
AOAC is not correct for the purpose of determining the range of
solubility in highand low CP content in MBM.

Key words: digestion, animal by-produdt) vitro methodology.

INTRODUCTION

The in vitro protein solubility has been
tested to estimate thein vivo digestibility
(BELLAVER et al., 1991; HAN, 1990). However,
factors like protein source (CAVE, 1988), enzymatic
concentration (JOHNSTON & COON, 1979;
PARSONS et al., 1997), enzyme used and pH
(CONE, 1993) and processing (ZOMBADE &
SATHE, 1977) have been related with the
significance of the correlation betweén vivo and
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in vitro. The in vitro digestibility technique of
products from animal origin was developed between
1950 and 1975 and the final form of the method
described by AOAC (1995). Many nutrition
laboratories around the world use the AOAC
method, an example being the laboratory reference
book issued by the feed industry in Brazil (BRAZIL,
1998). A deeper look into the technique shows it has
little value in estimating digestibility of proteins of
animal origin. Therefore, we suggest that solubility
be used in substitution for digestibility, since it is
more related with what occuri& vivo. Another
important point is that much time is involved when
using filtration and crude protein (CP) analysis of
the undigested residue. Time for running the
analysis can be optimized without loss of precision
by using centrifugation and analyzing CP in the
supernatant. Therefore, the objective of this work
was to improve the methodology by using a proper
pepsin concentration. Two types of meat and bone
meals (MBM) were used to determine CP solubility
by centrifugation to determine the nitrogen (N) in
the soluble phase.

MATERIAL AND METHODS

The basic methodology used to determine
solubility of CP (N x 6.25) in this work is that
reported by the AOAC (1995). However, few
modifications were incorporated into this
procedure. The enzyme concentration was the
main objective of this paper, and the values

Tablle 1

considered a factorial structure with 2 MBM types
and 4 enzyme concentrations, with 4 replications per
treatment. Simultaneously, eight samples digested
with HCI 0.0744N were used as blanks and allow
correction for pepsin solubility alone. Variance
analysis and non-linear logistic, exponential and
asymptotic  Spillman models described by
HOFFMAN & VIEIRA (1987) were calculated with
collected data using SAS computer package. The
general Spillmann equation is: Y = A(1-£¢** ®)),
where: A = maximum response value when the
concentration increases unrestrained; B a
parameter that determines the response when pepsin
concentration is equal to zero; C = the velocity of
response increment and X = the pepsin concentration
in percentage.

RESULTS AND DISCUSSION

The results ofin vitro CP solubilization
are presented in table 1. The analysis of variance
revealed a significant (P<0.0001) interaction
between MBM and pepsin concentrations. Thus, the
three variables studied were analyzed within MBM
and the equations are shown in table 2. The
estimates of CP solubility for each MBM, as well as
the interval (distance between estimates) are
presented in table 3 and in figures 1 and 2.

- Crude protein (CP) solubility in meat and bone meals with
different concentrations of pepsin and (or) HCI.

tested ranged from 0.2% to 0.0002% in 10 fold
increments. Similar concentrations were alsg"BM*
used by PARSON®t al. (1997) working with

MBM. In addition, soluble CP was obtained

Pepsin (%) n CPSOL CSCPPEP CSCPPEPH

Avg. SEM Avg. SEM Avg. SEM
from the supernatant after centrifugation at

2500rpm for 15min. The sample agitator

indicated by AOAC (1095) was susted bya L0 02 % 4370 0% m02 2 smas 1oy
similar one made Iocally. The tested hypothesis Low 0.002 4 2540 034 5750 1.04 65.30 0.87
was that lower pepsin concentrations than the Low 0.0002 4 13.10 0.30 18.86 1.25 33.76 0.78
0.2% recommended by AOAC (1995) are better :'gﬂ 0062 j géi‘; 8‘22 gg-éz i-g{; gg-gi 8-2‘(}3
to discriminatean vitro qua_llty of meat and_ bone High 0002 4 5027 135 7240 531 8705 234
meals (MBM). An experiment was carried out High 0.0002 4 4537 0.77 54.60 2.67 78.68 1.35
with two MBM. One of them was a high (H =

57.66%) and the other a low (L = 38.79%) CP. verage 4091 68,37 26.83
Th?_teSted pepsm_ (Slgma P 7000, 1:10'00@0ef. of Determination 0299 0:99 0:99
activity) concentrations were 0.0002, 0.002,coef. of Variation 1.65 3.58 1.68

0.02 and 0.2%. The variables studied were the

percent (%) of CP soluble in the pepsin solution
(CPSOL); the solubility coefficient of CP in one

Types of meat and bone meals with low (38.79 %) and high (57.66 %)
crude protein;

of the pepsin concentrations (CSCPPEP) and theojuple cp (%);
coefficient of solubility in pepsin plus HCI at 3Coefficient of solubility for CP in Pepsin (%);
0.0744N (CSCPPEPH). The statistical ana|ysi4SCoefficient of solubility for CP in pepsin and HCI (%).
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Table 2 - Parameter for the regression equations to estimatélable 3 - Solubility estimates for crude protein (CP) measured by
the crude protein (CP) solubility in meat and bone CPSOL}, CSCPPEP and CSCPPEPHfor two meat and
meal with different concentrations of pegsin bone meals with different enzyme concentration calculated

by the asymptotic model.

Variable MBM?2 A B C  Correlation
Variable Pepsin (%) Low CP MBM High CP MBM Difference
CcPsoL® L  43.13 0.00703 30.6 0,95
CPSOL H 61.13 0.04906 13.1 0,96 0.00002 16.87 47.22 30.35
CSCPPEP L  88.92 0.00034 193.3 0,99 0.0002 17.20 47.30 30.10
CSCPPEP H 8291 0.00175 239.2 0,97 CPSOL 0.002 20.29 48.03 27.74
CSCPPEPH L  90.96 0.00084 193.3 0,99 0.02 36.70 53.52 16.82
CSCPPEPH H 91.97 0.00330 239.9 0,97 0.2 43.13 61.10 17.97
! General asymptotic model Y = A (1-18%*®); where X 0.00002 13.01 51.65 38.63
is the pepsin concentration (%); A = maximum response 0.0002 18.86 54.60 35.74
value when the concentration increases unrestrained; B = a CSCPPEP  0.002 57.48 72.40 14.92
parameter that determines the response when pepsin con- 0.02 88.91 82.91 -6.00
centration is equal to zero and C = the velocity of response 0.2 88.92 82.91 -6.01
increment.
2 Meat and bone meals of low (L = 38.79%) and high (H =
57.66%) crude protein content; 0.00002 28.99 77.29 48.30
% Soluble CP (%); 0.0002 33.76 78.68 44.92
4 Coefficient of solubility for CP in Pepsin (%); CSCPPEPH 0.002 65.29 87.05 21.76
® Coefficient of solubility for CP in pepsin and HCI (%). 0.02 90.95 91.97 1.02

0.2 90.96 91.97 1.01

Recently, pepsin concentrations of

0.0002% or 0.2% were tested by PARSOtGl. ,Soluble CP; - . .
(1987) for nitrogen digestibility. They calculatedsgg;ggg‘:g;:;tﬂ'i'g;g:CCS i':geepps?'n”’and el
correlations of 0.70 and 0.40 respectively when
relating pepsin nitrogen digestibility and lysine ) ) i
digestibility percentages in roosters. Previously that the CSCPPEPH is above 90% in higher
JOHNSTON & COON (1979) also working with enzymgtlc conc_en_tratlons. _ In .addltpn, the
different pepsin concentrations found an increament Coefficient of variation for this variable is lower
in the range of solubility by decreasing the pepsin _(table 1)_, making it the be_:st to interpret CP solubility
concentration. However, these authors did not work N _Pepsin. Crude protein solubility estimates for
on a concentration higher than 0.002% of pepsin. CPSOL, CSCPPEP and CSCPPEPH under different
Therefore, decrease the enzyme concentration seemsPePSIn concentrations for the two MBM (Table 3)

to be important to increase the range of solubility SNow higher solubility discrimination with low
and get advantage of better solubility range PE€PSIN concentrations. This is also demonstrated in
discrimination. figures 1 (real values) and 2 (log scale), which show

In the present study, although the logistic & better discrimination for the lower pepsin

and exponential models permit fitting the solubility
of CP within the interval studied, showing geater
than 0.90, they do not fit the Michaelis-Menten
(MURRAY et al., 1996) equation when over 0.2%
of pepsin is used. Therefore, the asymptotic model
was adopted, since it fits the data precisely in any
pepsin concentration. HOFFMAN & VIEIRA e A A il
(1987) described the mathematics behind the model. N R "
Table 1 shows that all the variable expressions used T
for CP solubility presented a good fit to the variance 30 ‘ - -
analysis with high R and low coefficients of o ’ oo . b -
variation. MBM with low CP presented a greater
drop in CP solubility when comparing the end of _ N _
enzymatic concentrations than the MBM with high ~ Figure 1 - Crude protein solubility of meat and bone meal with
CP. The estimates for parameter A (Table 2) indicate ?f'g;rind low crude protein content digested under di-
pepsin concentrations.
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CP solubility, %6

log of Pepsin concentration

Figure 2 - Crude protein solubility of meat and bone meat wit
high and low crude protein content digested under di-
fferent pepsin concentrations on the log scale.

concentrations. The 0.0002% level is the best
predictor for the CP soluble in MBM. In addition, it
could be advantageous to decrease the concentration
to 0.00002% of pepsin, as indicated by the
asymptotic model, to discriminate the quality of
meat and bone meals. This finding implies that the
levels of 0.2% pepsin in AOAC (1995) or 0.02% in
BRAZIL (1998) are not correct for the purpose of
determining e the range of solubility in high and low
CP content in MBM.

CONCLUSIONS

The indicated concentration of pepsin to
obtain the solubility of crude protein in different
meat and bone meals is 0.0002%. The best variable
to express the protein solubility is the coefficient of
solubility of crude protein in pepsin and HCI
solution.
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