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Optimization Method for Aseptic Processing of Pineapple Juice
Based on Kinetic Data and Linear Programming

Gatot Priyanto

Lecturer at Faculty of Agriculture, Sriwijaya Univérsity
J1. Palembang Prabumulih Km. 32 Inderalaya, OKI 30662 Indonesia

ABSTRACT

Optimization for aseptic processing was needed to enhance satisfy process which promise the best performance on
quality simultaneously with minimize nutrient loss. Aseptic processing was concerned to choose the best
combination of processing time (t) and temperature (T). Several models for optimization had been developed from
Kineticmodels, i.e. Y, = 14.84 +X +6.08(X,) for browning index development, Y =10.31 + X, +4.56 (X,) for ascorbic
acid loss, Y, =28.58+X +10.77(X,)and Y =51.81+X +18.37 (X)) respectively for inactivation of pectinesterase
and L. plantarum. X is defined as log (t) and X, as -0.001(1/T).

Linear programming approach was used to optimize that parameters, based on goal function of G =25.14+2 X +
10.64 (X,). There are observed five scenarios as optimization alternative. Result of the advances analysis show
that second scenario, where temperature was set on 96 °C and processing time 4.1 second, presented satisfy result
with small quality loss and limited ascorbic acid damaged.

I. INTRODUCTION

Aseptic processing is a continuous heating method based on high temperature in the short time process.
There are basically could be categorized by two groups process, i.e. ultra high temperature (UHT) for sterilization
and high temperature short time (HTST) for pasteurization. The main advantages of those process is cn its
possibility to use higher temperatures process that made possible to minimize processing time (Lund, 1987). The
other advantages are described by Toledo and Chang (1990), especially the product could be better on quality,
more trusty and energy saving production. On the other side, several restriction would come on implementation on
wide range product because of material characteristics should be fluid based or pumpable. Fluid flow mechanism
and characteristics was should be considered for determining the processing time, as well as temperatures and the
goal process.

Minimum time process was recommended to minimize destruction of valuable component, but it was often lack
time for destroying pathogenic or dangerous microorganism or other heat inactivation target of aseptic processing.
Therefore, optimization was needed for taking guarantee that it has been chosen the best combination of processing
time and temperatures for aseptic processing. Optimization is a procedure or the way that developed to observed
the best choice for certainty case (Sidel and Stone, 1983). Linear programming is one of few popular optimizing
method, but it was rarely used on food processing problem optimization especially related to the kinetics aspect.
Saguy (1988) proposed some constraints to quality optimization in aseptic processing, but it was still based on

- —single parameter quality for low acid food. In case of high acid food, such as pineapple juice, and not single
parameter quality, the optimization method had not vet well developed. This paper proposed the method of
optimization based on kinetics model and linear programming in the case of aseptic processing for pineapple juice.

IL. THEORETICAL APPROACH

Aseptic processing that conducted for pineapple juice was typically high temperature short time (HTST) that
categorized as pasteurization. The pineapple juice quality was changed during process, included its nutrition,
appearance, microbiological and biochemical aspect. Browning index is an important quality parameter that indicated
more dark when the I value increased. The quality measurement related to the appearance of pineapple juice,
especially color, could be expressed by browning index. The quality related to nutrition could be expressed by
ascorbic acid content. Because of its sensitive to heat damage, ascorbic acid was also used as indicator of
chemical-nutrition retention during heat processing. Large amount of ascorbic acid damage shows that it had been
‘ happened over process. _ .

‘ Pectinesterase enzyme is very importance enzyme due to cloudy characteristic of pineapple juice. When it was
not inactive, the cloudiness of pineapple juice significantly decreased or loss to be clearly fluid. This effect should
be avoided, and heating process such as aseptic processing targeting this enzyme to be inactivated. Priyanto
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I 1997) had observed the kinetics model of quality changes of pineapple juice during aseptic processing. According
nis observation it is proved that browning index was increased during processing followed zeroth order kinetics
model. and ascorbic acid content was decreased followed second order model.

The first order model for browning index development could be expressed by equation (1), while decreasing of
zscorbic acid content could be expressed by equation (4). The rate of quality change (k) had been successfully
=xpressed by Arrhenius approximation k=ko.exp.-Ea/RT. Then equation (1) and (4) could be developed to equation

3)and (5) in linear form.

| L] R e s s s s v s e s s s o ot i s s e (N

“ loE (-1 T =T0EI FIREE <o s som s o e s s s o s i s e s i 2)

| log (-4, J=logk B 23RN T+ LOET o cus v s nn s v s son oms s 55 w0 v 3)

| Ctm(C) K Lo @)
Log {(C,./C,)-1}=logk -log(C,)" ~(E /Z303RIT) +I08E cous son v (5)

The goal of aseptic processing in order to pasteurization rules is destroyed vegetative cells, microorganism
=nd inactivation of enzyme, due to high acid product. L. plantarum was determined as indicator heating process
sarget. as well as inactivation of pectiesterase. Both inactivation was has described by first order model, where in

near model with rate of quality change (k) could be presented as equation (6) and (7) below.

Log {log (P, /P)} =log (k  /2,303)-(E, /2303R)(T")+10gt ..ooooooiiionrri.. (6)
Log {log (N_/N)} =log (k /2,303)-(E, 22.303R)(T-)+10g t ..o, (7)

Linear programming is usually used for optimizing production or selling product in order to obtain optimum
-rofit. Saguy (1983) had promoted to implement this method in the food processing, although several researcher
~ad used it several years before it. Some constraints had also published in case of aseptic processing at nonacid
“ood (Saguy, 1988). There are three important component concerning optimization by linear programming procedures,

2. decision variable, constraints factor and objective function. Optimal alternative is then defined as a feasible
necification for decision variable that submit the best result for objective function. Standard format equation for
~biective function, decision variable, and constraint factor are describes by Asri and Widayat (1986).

II. METHODOLOGY

Optimization method for aseptic processing op pineapple juice based on kinetic data and linear programming
was developed basically in three step procedures, i.e. data collection, model development, and optimization. Optimum
solution was observed in order to obtain representative processing time and temperature for aseptic processing of
oineapple juice.

Data collection

Data was collected from literature as secondary data, especially kinetics data of quality changes for pineapple
‘uice during aseptic processing. Priyanto (1997) had observed significantly data in kinetics of quality change,
which was browning index development and ascorbic acid loss represented for color and nutrition-chemical aspect
>fpineapple juice during aseptic processing. Kinetic data for L.p/antarum inactivation was taken from Saguy and
Xarel (1980) and Nikdel et al. (1993).

2 Model Development

Kinetics data was used, analyzed and interpreted by approximation method as describe by Sweinbourne (1971)
and Boekel (1996). The kinetics parameters, k and E_or z value, are tabulated. Some of them are directly used on
standard kinetics model, but the other one need to ‘transfer with several adjustment on specified models for
optimizing. The models are modified to be relevance with linear programming procedures. There are four steps from
<inetic model to be modified on representative model for optimization using linear programming, i.e.:
a2 Perform kinetic model of quality changes of pineapple juice during aseptic processing
2. Transfer kinetic model to be in linear form or linear equation.

c.  Rearrangement variable or factor and redefined some variables or factor
4. Perform model in simple equation that contains only two variables (X and X,)
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3. Optimization

Linear programming was used to optimize pineapple juice aseptic processing. Optimization was conducied -
observed the optimum processing time and temperature. Variable of X, and X, was represented factor, respectivels
for processing time and temperature in the optimization analysis. Determining those variables is the first step of
optimization. The second step is construct the constraint factor or constraints model/equation. This mods
developed from simple model that transferred from kinetics model, by considering sterilization effect needed <o+
processing and tolerable quality changes of pineapple juice during aseptic processing. The third step is develop=c
and determined the objective function, and used it for analyzing the critical point from any scenarios or combinatio=
of variables could be operated on aseptic processing of pineapple juice. The last step is transferred the value from
optimization analysis to real value condition of the process.

IV. RESULT AND DISCUSSION

Kinetics model as stated on the theoretical approach that basically represented by zero, first, and second order
models would be transferred to linear mode] as equation (3), (5) and (7). However, it not yet simple enough to be
used on linear programs in order to optimize. If it was defined the variable of Y, W, X, and E as stated on Table 1, it
could be rearranged and found equation (3), (5), (6) and (7) to be simplified as equation (8) until (11).

Table 1. Defined variable of X, Y, W and E for quality parameters of pineapple juice

No ) Browning index Ascorbicacid Inac. P-esterase®* Tnac. L-planirm*¥ ¥
L (i) A, (o) P, (p) N, (n)
L X X, =logt X, =logt X, =logt X, =logt
X, =-103(T"") X, =-103(T") X, =-10° (T X, =-10* (T
2. Y Y= log{(I/1))-1} Y. =log(C,/Cy ~1) Y, = log{log(P/P)) Y, = log{log(N/N)}
3. W W= log(k;/1,) W, =log(k,.C,,) W, = log(k,,/2,303) W= log(k,/2,303)
4. E E;=107E,/(2,303R) E=10"E,/(2,303R) Ey= JO‘3EM,/(2,3()3R) E,=107E, /(2,303R)

otes; variable defined and symbol (index).of quality parameters. ¥ inact ester
Noteses varHiie Geteil an‘djsylrylboq (llg({éX% gfoquy]lﬂy P eIers! Se x 1115%?10\/15\{%11108fopf RHedtaigiase
***) inactivation of L.plantarum

L = S ®)
o= WA R EEI, oo 50 520 S50 v e s e e 5558858 i e e et s et s o e )
R = T (10)
= W B oo 50 650585 s o o e 5 18 Kt s s st e (1)

The above equation should be validated by kinetic data parameters submitted on Table 2 below (Priyanto,
1.997) and it could be arranged the proposed model as described on Table 2 below. The proposed model tells us in
linear form the effect of time and temperatures during aseptic processing of pineapple juice.

Table 2. Kinetic data parameters for optimization of pineapple juice aseptic processing

No Parameters Kinetics Data Tnitia Proposed model develope
Value
Browning index E; =28.0T Keal/mole ™ [ T=0.12 | Y =T4384+X,¥G6.08(%)
1. | development * Log k, ;= 14.01 o )
2. ] Ascorbic acid Toss B =20.89 Kcal/mole Ao B
* Log k.=9.38 mg/100 mL
3. | Tnactivation of E, =49.28 Kcal/mole S8+ X+ )
Pectinesterase * Log k,,=28.94 )
4. Inactivation of E,. =84.00 Kcal/mo Yy OBl X, T IRy
L.plantarum ** Log k,, = 62.05 T
*) data from Priyanto (1 997), ** data from Saguy and Kare| (1980) and Nikdel et al. (1993)
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The proposed models (Table 2) show that using maximum time of 60 second for aseptic processing, it is found
that browning index was developed 52 percent from the initial value when temperature on 87 °C, but the amount of
ascorbic acid loss was less then 50 percent although the temperature was maximized to 96 °C. The models proposed
at Table 2 was also tell us that on maximum processing time of 60 second, pectinesterase had not yet inactivated (3D
concept) at temperature 87 °C, but L. plantarum had been inactivated (6D concept). Any condition at various
temperatures and time of aseptic processing could be developed or derived by simulating its models to perform
processing effect diagram. However, there are many alternatives could be chosen concerning any combination of
processing time and temperature of pineapple juice aseptic processing. Optimization was needed to observe
optimum condition where time and temperature combination process could destroyed significantly pectinesterase
and L. plantarum, but not for browning index and ascorbic. Linear programming is one of effectively method in
optimization, but it was restricted by linear form based models. The proposed models that established on Table 2
were developed for optimization the aseptic processing of pineapple juice. Based on those equation, where variable
had determined and described on Table 1, it would be developed constraint and objective function for the
optimization.

Aseptic processing for acid food was actually of HTST process. It was basically designed to inactivate
vegetative cells that disturbing food stability during storage (Lund, 1977). Inactivation of microorganism on acid
food by HTST processing was commonly used minimum sterilization effect of 6D (Toledo and Chang, 1990). At the
other hand, according to Saguy et al. (1990) it was recommended on sterilization effect of 3D for enzyme inactivation.

The sterilization effect of 6D for L.plantarum inactivation was given value of Y =0.7782,and 3D for pectinesterase
inactivation was given value Opr =0.4771. Therefore, constraint function concerning inactivation of L.plantarum
and pectinesterase, respectively, could be expressed by equation (12) and (13) below.

0<51.03+X,+ 1837 (X)) ovvvrns coenm (12)
0<28.10+X, +10.77 (X)) ccvevevevrernnnnn (13)

Another constraints were developed by considering the destruction quality that not rejected by consumers. In
this case, it is assumed that ascorbic acid loss maximum of 15 percent and browning index development of 30
percent is still received by consumers. Therefore, it could be expressed constraints function for ascorbic acid loss
and browning index development, respectively, as equation (14) and (15) below.

0> 11.05+X,+4.56 (X)) cvrrveererrann (14)

0> 15,36+ X, H6.08 ()« s cam s com s (15)

The value of variable was also considered as constraint for this optimization with linear programming method.
Aseptic acid food process, such as pineapple juice, it recommended to be used temperature less then 100 °C with
maximum time of 60 second. In this case, aseptic processing was designed on temperature range of 87-96 °C with
maximum time of 60 second. In order to minimized destruction of nutrient and other product quality needed by
consumers. Therefore, constraints function concerning variables could be expressed by 2.78 <X, <-2.71 and 0< X,
<1.78, respectively, for processing temperature and time.

The goal of pineapple juice aseptic processing optimization is minimize the change of pineapple juice quality
during aseptic process. There are, in this case, two quality parameters would be considered together with sterilization
effect based. When the ascorbic acid content was changed minimum, consequently the value of Y_was also
minimum. It was also shown by the change of browoning index of pineapple juice, where Y, would be minimum if the
changes of browning index to be minimized.

In the evaluation process, storage and shelflife analysis, commonly, it was basically predicted under single
based assumption that product quality was measured and represented by only one quality parameter. When it was
more than one quality parameters, the assumption was failed. Therefore, Priyanto (1997) promote Quality Changed
Number with symbol G, (abbreviated from Gatot’s Number) that was defined as the sum or accumulation of
relatives changes of quality index. These symbol was no dimension and could be expressed as function of many
quality parameters. In the case of pineapple juice aseptic processing, it was the sum of the change of ascorbic acid
and browning index, thatis G, = Y, +Y_and could be expressed by variables of X, and X, as equation (16) below.

G,=25.14+2X +10.64(X) «ooovrvnne. (16)
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Zquation (16) shows that G, would minimum if fraction 2 X + 10.64 (X, ) to be minimum. According to Asri and
W dayat'(1986), the Ob_]eCt]VE: function was defined as Z= cX where ¢, was a constant and X, was independent
zriable X.. Therefore, the objective function (Z) for optlmlzatlon usi ng, lincar programming ofpmeapplejmce

w=eptic processing could be expressed by minimize function (equation 17) or maximize function (equation 18).
B =2 X 10064 (X)) o vovmvms vws s o an
e SRR R0 5 0 N ——_— (18)

The objective function in the form of maximize function was used for analysis of alternative observed in optimization.
There are five alternative, namely scenario (SCEN) one to five, based on inactivation target of sterilization effect for
sectinesterase enzyme on 3D,1D, 3D, 4D and 5D. Those sterilization effect are not influence va.iavles, objective
“nction and constraints inexception it related to pectinesterase inactivation. It should be corrected on intercept side
“llowing sterilization effect factor. Solution of the optimization using linear programming was solved by diagram
L::roach method where it could be located any critical point based on the value of its variables X, or X,. There are
veral temperatures observed as alternative, but the highest (96 °C) is considered to be priority. Thc CF mcal point "md
:ﬂ_\ value and the output process condition at that temperature are presented on Table 3 below.

Tzble 3. Critical point and condition solved from diagram linear programming optimization

Linear Programming Optimization Real Condition on Pineapple Juice Aseptic
Alternatives Analysis Qutput Processing
condition or Critical point Liin ‘Process Condition Changes quality*
scenario .8 X, Value t (sec) TG dl (%) dA (%)
SCEN 1 1.558 -2.716 26.59 [0.0 95.1 29.51 10.49
SCEN 2 0.607 -2.710 27.62 4.1 96.0 - 9.12 3.40
SCEN 3 0.907 -2.710 27.02 8.1 96.0 18.21 6.60
SCEN 4 1.207 -2.710 26.42 16.1 96.0 36.32 12.36
SCEN 5 1.307 -2.710 26.22 20.3 96.0 45.78 15.08

*) Notes: dI browning index development, dA ascorbic acid loss

CONCLUSSION

Optimization method through linear programming using kinetic model approach for pineapple juice aseptic
-rocessing has been found. Kinetic data should be collected, and transferred to linear model. Variables, constraints
znd objective function for optimization was determined by considering sterilization effect and tolerable quality
zhanges. Further analyzed for five scenario, it was observed that scen 2 where processing time was set on 4.1
szcond at processing temperatures 96 °C show the satisfy result with ascorbic acid loss less then 3.4 percent and
srowning development 9.12 percent. The other combination recommended is performed by scen 1 where processing
“me set on 10 second at 95.1 °C. This combination destroyed ascorbic acid ascorbic acid smaller ‘than 11 percent
znd browning index development less then 30 percent while sterilization effect reached to 3D for pectmestelase
znzyme inactivation and 6D for L.plantarum inactivation.

NOMENCLATURE
“:ascorbic acid C :concentration N :microorganism amount
O: thermal dead time P : pectinesterase Index:
Z: amount of change T : temperature ¢ :ascorbic acid loss
= activation energy t :time p : pectinesterase inactivation
: browning index X :independent variable n: L.plantarum inactivation
< constant or rate Y : dependen variable o :initial or intercept.
R: Gas constant Z : objective function i : browning index development
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