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Abstract—The existence of a ready-to-eat meal with a long shelf life is essential, particularly for emergency food and military diet, as
well as for alternative food for modern society. Rendang is a well-known Indonesian traditional food which may be packaged in a
retort bag by employing a sterilization process. The sterilization value of Rendang is presently still limited. This study aimed to
estimate sterilization value or heat sufficiency (F using the General Method and the Ball Formula Method. The estimated value was
then compared with the value obtained from the experiment. It was further used to predict process timeYBo minimize the need for
trial optimization on the product. The thermal sterilization process was carried out using a horizontal retort with a pressure of 1.3
bar for 40 minutes. The results showed that the J~values predicted were in a close agreement with the observed (experimental)
values. R values were 5.88, 5.17, and 5.91 minutes for the General Method, Formula Method, and the observation, respectively. The
P; values of Beef Rendang in a retort bag with §~values of 4, 5, 8, 10, and 12 minutes were 25, 27, 31, 34, and 36 minutes for retort
temperature of 123°C, respectively. Whereas for a retort temperature of 121°C, the, Ralues were 28, 30, 36, 39, and 42 minutes,
respectively. In conclusion, both the General Method and Ball Formula are accurate to estimate the sterilization value of Beef
Rendang packaged in Retort Pouch.

Keywords— sterilization; beef rendang; retort bag; ball formula method; Fq value.

studied the Ready to eat CassaMarfihot esculenta Crantz)
[. INTRODUCTION inside See Trough Pouch by hot filling using a brine solution.
it ; Fo value of 7 was the optimum for the product with a shelf
The sterilization process for ready-to-eat foods in the '°© .
1zation p Y ! life of 75 days for the product. To get the longer shelf-life

form of cans or retort bags was well-known as a solution to . Dinak |12 dc 0 additi d found
extend shelf life. The sterilization process is suitable for low- time, Dinakaran et al. [2] used Curcumin addition and foun
that the k value was 8.97 minutes with a shelf life of 12

acid food categories, which generally have a short life period. h q bi Muaal L3
Packaging with Retort bags for the past few years has beguﬁnont S under ambient temperature. Mugale et al. [3] were
to be high in demand because it is considered more userf"lsq Study sterilization  of Eel Curry in a four-layered
friendly and eco-friendlier. There were many studies about Iamlnated retort pouqh consists of 12-m|cron_ polyester/9
retort pouch packaging study in many aspects. The reviewg"'cron aIummu_m f0|I/5_ micron nylon/70 micron - cast
are about the Jvalue; the sensory and physicochemical p_olypropylene with the size of 150 x 200 mm using steam
affects the process; the shelf-life time prediction of the air retort at 121°C. A product that hag Value of 12,89

products; and even the potentials ready-to-eat retort poucHninutes, the total process time of 55 minutes, and cook value
products for space missions. of 97,65 minutes had better textural and sensory quality and

Many researchers had studied food packaging technique hoeébglfl:ljf? \l/(vas reported 7 mt;r}th(;; at (zj;\_mrl])ient telmperatjqred
using retort pouches include Dinakaran et al. [1]. The latter 302 C- Palak paneer as one of Indian dish was also studie
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it's heat penetration characteristic by Thakur and Rai [4] Microwave-assisted thermal sterilization system (MATS) as
using a temperature 110-125°C for 10-25 minutes with afood packaging technology was also studied by Patel et al.
horizontal stationary air-steam retort, \hlue were in the  [20] and Soni et al. [21], which claim could have better
amount of (0,25-1,939),,f(3,43-16,22 minutes),. j(0,65- sensory qualities and attribute related to consumer
1,31), and total process time B was 7,9-32,5 minutes Jor F acceptance. Besides sterilized as ready to eat products,
value of 2,81-55,19 minutes. They found that processinganother alternative technology of osmotic pressure usage
time of 10 at 116°C gave an acceptable product. Girish et alwas also one of a promising method for the preservation of
[5] developed shelf-stable Pork Curry inside the retort pouch meat in new condition [22]. For High-moisture snack foods,
using a retort temperature of 121°C with the maintained the use of thermal sterilization had also been studied by Ai et
pressure at 20+1 psigMalue of the product was 11,81 with al. [23] for the aspect oB. cereus spores inactivation
a total process time of 48 minutes, and the storage time wasompared to the usage of boiling water and autoclave system.
six months at ambient temperature. Rogan Josh, as one ofn increase in the heat transfer coefficient can be used to
the traditional meat products from Kashmir India, was also improve inactivation. Those were via flow dynamics and
packed in a retort pouch by Ahmad et al. [6]. They used processing temperature.
retort at 121°C with fvalue of 7-11 minutes and then stored Soya peas curry as a retort food from India had been
at ambient temperature to study the quality characteristicsevaluated in the area of shelf life and food safety by
such as pH, shear force, sensory attributes, free fatty acidAbhishek et al. [8]. They examined the parameters of the
content, andthiobarbituric acid reactive substances. The thermal process like retort temperature, heating lag factor
result showed that a product withy Falue of 9 was the  (J,), heating rate index {}f process time (B), Jvalue, and
highest overall acceptability with a shelf-life time of 12 cook value. The product remained in good condition after 9
months. months of storage. Mary et al. [7] also examined the milkfish
Research on sterilization food had developed in a variety(Chanos chanos) from Kochi, Kerala, India, in the field of a
of packaging, whether it is cans and flexible pouch bags [7]-heat penetration test compared to the use of the steam-air
[12]. Studies on food preservation using packaging application and water immersion. The result of the research
technology had been developed in some methods, such awas CUT value was achieved in less time for steam air
sterilization using steam sterilization, HPP, pasteurization, rather than water immersion. The advantage of steam-air
osmotic pressure, radio frequency usage, Microwave-retort had clearly described in their study, including the
assisted thermal sterilization system (MATS), until the user cause of faster heat penetration so that it can be reduced the
of thermal sterilization for High-moisture snack. Research is processing time. The reduced process time affects in a better
done by Isaka et al. [13] examined the effect of high-speedquality of the product. The other food from India examined
shear treatment in rice gel samples stored at 25°C for twowas dairy desserkifeer), which was known as a traditional
months. The results showed that the properties of HST ricemilk product of South East Asia, in the form of cooked rice
gels were affected by retort treatment in the aspects of starclgrains in creamy-sweetened concentrated milk. They used
retrogradation and other factors such as the change o¥arious values of §{12.4-14.8 minutes) and discovered it
protein. The novel finding of food preservation includes the was still in good condition for 150 days of storage at 37°C.
use of ZnO nanoparticles combined with radiofrequency The temperature of the rotary retort was operated in a steam-
(ZNCRF), which had been studied by Xu et al. [14], [15] air mixture set at 121.1°C at the pressure of 1.05 bar and an
using Twice-cooked pork dish and Stewed pork with carrots, overpressure of 2.1 bakheer product had a shelf-life of 5
respectively. ZNCRF pasteurization had better preservedmonths without refrigeration based on the study with the
than those processed with High-Pressure Steam (HPS). Théotal process time (B value) ranged from 14.9- 21.5 minutes.
method for the pasteurization technique for food was alsoAnother retort food from India was also being examined the
studied by Condon et al. [16]. To produce the high quality of characteristic of textural and sensory of freshwater prawn in
Ready-to-eat whole edible CraBancer Pagurus), it should curry medium using retort pouch [11]. They processed the
be in temperatures between 104-108°C for 400-800 g ofsamples with a temperature of 116°C and reached ghe F
crabs, respectively. The other novel method was headspacealue of 6, 8, and 9 minutes, and from the organoleptic study,
fingerprint, which was developed by Grauwet and it was chosen thatMalue of 7 minutes got the highest score.
Shpigelman [17] as a potential multivariate intrinsic Korean traditional fermented food was also estimated the
indicator for monitoring temperature variation in non- shelf-life value by Lee et al. [24]. They found that based on
uniformity heat transfer in the retort or a pack. Packaging the TBA value, the shelf-life time of the retorted food was
technology in the aspect of different, @ermeability was  greater than three years. Cheftel and Culioli [25] have also
also studied by Romero et al. [18] for Black ripe olives in studied the effect of high pressure in meat, and they revealed
retort-able pouches. The color of the product slightly that pressure treatment at 100-800 MPa (approximately at
changes after five months of storage for those without iron 1000-8000 bar), the structure and proteins constituents of
addition packed in jars. Similar behavior also occurred in amuscle were very sensitive to high pressure. Retorted food
product which packaged in a retort pouch with an oxygen in need of supporting spaceflight was also done by Catauro
permeability of films lower than 82 dfm?/day. For ready to  and Perchonok [26] for various kinds of retorted pouch
eat Fish-incorporated noodle products, it was also beingfoods. For meat products, the longest for the shelf-life period
examined by Kamalakanth et al. [19], which discovered thatwas 2 and 8 years without refrigeration. This could be a
during storage, the lightness was decreased. The yellownesgiood opportunity for Rendang from Indonesia to become
redness, and trend of hardness were increased. The produchne of the foods for space missions. Many traditional foods,
had a shelf life of 90 days at ambient temperature (28+2°C).such as Rendang from Indonesia [27]-[29] are expected to be
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widely consumed by people from various countries in the Lr () + Lr (n—1)]

) . e . FO partial = [ X At 2)
world with the right sterilization process. Rendang is a 2
traditional Indonesian food that has a potential long shelf-life ¢
value by its spices used during the process [30]. Retort food FO=/, Lrdt (3)

has become an interesting study for space missions and

military diet, fast food for modern society, and food for In this study, the sterilization process of beef Rendang

poverty and disaster. packaged in retort pouch packages was evaluated using the
Dario Friso [31] studied mathematical modeling to verify Formula Ball Method to get thg, Walue and then compared

the destruction of the desired microbes. The mathematicalwith the results of the General Method and the experimental

procedure can replace the Stumbo 57 table with aresults. The {value obtained from Formula Ball Method

spreadsheet. Evaluation of food thermal processes usingvas then used to calculate the thermal process scenario using

Neural Network was also developed to predict thermal the reference temperature and the desired vElue.

process evaluation using the parameters of g andUu. Researches about traditional food were plentiful, especially

Artificial Neural Networks (ANN) to complete sterilization for Asian food; however, the use of Formula Method to

by computerizing Sablani and Shayya [32] have also carriedpredict further to various process time) (R many scenarios

out the thermal method of the Stumbo process. They studiedption were still limited.

two different ANN models that called ANN for the

parameter g (the difference between retort temperature and Il. MATERIAL AND METHOD

fooq center t_emperature) and ANNFU for parameyer Beef Rendang from Uni Upik Restaurant Yogyakarta,
(ratio of heating rate index with sterilization value). SImpson |,4onesia. was used as an ingredient for the Ready-to-Eat
et al. [33] studied the development of a broader application ;.| product. Beef Rendang, as a traditional food from

of the General Method in calculating thermal processes. They, yonesian Minan ;
g i gkabau was made by drying beef cooked
Revisited General Method (RGM) provides the same (ooether with seasoned coconut milk. Methods for the

calculatlonRzéthhel Formula Method (FM) but with mor_ehsterilization process and the related results have been studied
accuracy. always overestimates processing time withy, ,revious studies [27]-[29], and registered in Indonesian

the proposed method, and for FM, errors are found aroundpatent number P00201708373 [37]. Beef Rendang was
- 0 . .
10-20% or mor];e.h | I hod h o b weighed separately between beef meat and the dressing, 60
A rc(jewewg) the Formula IISa Met r? as also DEeN 4 aach, with a total weight of 120 for both meat and the
carrie out by S'F“ps‘?” et al. [33]. They confirmed that dressing using Digital Scale Camry. The samples then sealed
shifting the zero time in the Ball formula method was not using a vacuum sealer in brand VAC-STAR 2000CSl, 0,74
necessary because even though zero time was chosen, thgyy 50 Hz 1.9 A V 3x380. and then sterilized l;siﬁg
calculation will always reflect th_e_ cut effect. Improved ZonGon Overpressure Retort. In this study, the sterilization
methods for C"*."?“""‘.“”g the sterilization process using theprocess chosen was using a 1.3 bar with the pressure hold for
concept of sterilization ratios have been studied by Steeleyq inutes. Beef Rendang was packed in a four-layer PET /
and Board [34]. They proposed four advantages of thenyion / Modified Aluminum / CPP retort bag (130x180
method developed, such as the method that can be used 1o q) 1o ensure adequate sterilization, the value, oids
any temperature scale for the same scale used in determmlngxamined through Data Logger Ellab CTF 9004 with the
the sterilization ratio. The value of z was included in the DC-Input of 1.2 A, 12 V, and T maximum of 350°C and the
sterilization ratio so that the table used was less than theaccuracy of 0.1°C which integrated with system to calculate
other methods. The table could be used for any z value. Sorethality so it functioned also as the-Reter (T ref =
the calculation was more general; tables were easier to;5q 1oc' and z value = 10°C). The Heat Penetration Test was
reduce to §|mple estimates. The selection of integration y,ne using the Data Logger so we could get the temperature
boundaries ignored errors in tabulated values. Stoforos et alprofile by the Data Logger and the ¥alue, which was
[35]| a_llso ;”ed to ?lm%l:fy If3ha”/5 ongm;’;ﬂ formul_a by printed on thermo-paper together with the temperature data.
replacing the use of tables U vs. log g using tWO proheg of the Data Logger were mounted precisely in the
equations that have caused negligible errors. He also gaveniggie of the system to assure that the thermal process
explicit expressions according to the Ball assumption for the .o o -hed the slowest heating zone of the system. In this
relaﬂoné[q VSI‘ g fl(l)r 9 Iesslthan Or.]1°dF.. lassi hod research, we used triplicate trials, and the data used was the
The rigina Ball Formula method is a classic method \orst scenario among them to assure the minimum process
used until now, regardless of the reading patterns Ofachieved to comply with the minimurg.F
logarithmic tables and tables_, which are usually difficult to The lethality value by temperature profile examined using
reproduce [35]. The method is still a popular method and aNThe General Method developed by many researchers whose
acceptable method for calculating the sterilization Processgimnson et al. [36] was one of them and also used the Ball
until now because the basic principles used are easy G-, mula reviewed by Simpson et al. [33] to getvElue
understan_d. Th? use .Of General Method_s ar!d _FormUIafrom temperature profile. The temperature profile was
Methods is still interesting to study the basic principles of 1, oq 1o the logarithmic heating curve [(Tr-T) vs time] to
thermal processes. The General Method was first introducetget the parameters needed to estimate ghalfie. After we
Ey Bigelow and refzvllleweq by Simpson et al. [36] with the get the value predicted by the General Method and Ball
asic equation as follows: Formula, the values were compared. To make the further
plan of process scenarios we used Ball Formula based on the

LR =10 (-121,1/ ) logarithmic heating curve. The development of the Formula
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Method used in this study was published by [38] with the
basic equation steps below:

From Figure 1 above, we could see that the retort
temperature above 121°C was held for at least 28 minutes.
) The estimated temperature of the retort was 122.7°C. The
jl= (0,6 xCUT) 4 time is shown (CUT) of this process was 18 minutes. The
jt value of sterilization using the General Method calculation

- ® was also evaluated. From the graph in Figure 1 above we
(250 -1 could see that the General Method predicts the valug of F
Fi=10 =z (6) (Fa) closely and almost produces a value ofwhich was
the same as the observed data. The value was 5.88 minutes
logg = 10g]'1-3 (7 using the General Method, while the observed data §or F
Ih was 5.91 minutes.
0=_1rn ®) The temperature along the thermal process was then
Ih/pF; plotted into a semi-logarithmic graph to find the value, of j
(the difference between the retort temperature and false
Fiz 10252 ) initial temperature) and, {the time required by the heating
curve to change by one log cycle). The logarithmic heating
Ih — _Tn (10) curve could be seen in Figure 2 below.
U fox fi
B =th (logjl -logg) (11) . .
Time (min)
B =Pt+ 0,4 CUT (12)

y = 196.95°0-07x

To estimate the fvalue of the system, we used formula R = 0.9948

@), (5), (6), (7), (10), and (8). To estimate the B anchRie,
we used formula (4), (5), (6), (10), (7), (11), and (12). The F
value was estimated using farget of 253°F (122.7°C) and
250°F (121.1°C) in fvalue target of 4, 5, 8, 10, and 12
minutes. Through these estimation scenarios, we designeg
the scheduled process time for Beef Rendang inside Retort
Pouch Packaging with the sterilization process using a
Pressure-controlled retort in achieving the commercially
sterile product.

Tr-T (°F)

152,42’

Fig. 2 Logarithmic Heating Curve of Rendang Pouch (1,3 bar - 40 minutes)

Figure 2 shows the Rendang Pouch heating curve that was
) ] ] ) processed using a horizontal still retort with a pressure of 1.3

This study was a series of previous studies [28], [29]. par hold for 40 minutes. In this study, the retort used was a
Rendang is a retort bag heated by steam in a retort withyressyre control retort. Through this calculation, the author
pressure control. Lethality ¢F from the Rendang inside \ants to describe pressure control into time control, which
retort pouch packaging has been explained in that previousyas always the standard in the 12D sterilization process
study. In this study, the heat penetration test was re-concerning the thermal death time of decomposing bacteria
examined because the study was done in a different batch, temperature changes. This pressure control process when
from the previous. The result of the heat penetration test Wassquated with the concept of the valug i attempted to be

I1l. RESULTS ANDDISCUSSION

one of the results of three replications selected based on thgy|yed through this research.

lowest lethal value to achieve the worst scenario of the
process schedule. The lethality was derived from triplicate
trials is 5.91, 8.31, and 11.7 minutes. Figure 1 shows the
results of the heat penetration test by thevélue of 5.91

TABLE |

CALCULATION RESULT OF Fp (MINUTES) USING FORMULA METHOD
(Te=252,86°F;P: =27 MINUTES; CUT = 18 MINUTES; J = 93°F)

minutes. No Formula Result
ji = (0.6 xCUT) 10.8
o L = 2 ]2 0.611
o/ N o " Tr-T
s / \ g 3 (250 -Tr) 0.695
) c _ = 7
E [ B T é Fi— 10 4
g = 4 | 1ogg=togil -2 0.932
g i ) fn
= 5 | fU 9.18
Time (minutes) 6 k- fhfh 5.17
T product (°C) Ch/y)F:

Fig. 1 Result of a heat penetration test of Rendang retort pouch (1,3 bar - 40

From Figure 2 it was found that the value oivas 93°F,
and the value of f was 33 minutes. After calculating the

minutes)
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equations of (4), (5), (6), (7), (10), and (8), the results were From Table 4 we could see thatvalue derived from the

presented in Table 1. estimation was in the amount of 27 minutes fqrtdrget
According to the calculation of the graph and formula value of 253°F andfarget of 5 minutes.

used, the value of jFwas 5.17 minutes. This value was TABLE V

smaller than the f~value derived from the observation data, caicuLaTion RESULT OFB AND P; (MINUTES) USING FORMULA METHOD

which was 5.91 minutes; maybe it was caused by severalT. TARGET= 253°F;CUT = 18 MINUTES; 4 = 93°F;F TARGET = 8 MINUTES)

errors that have been evaluated by Stoforos [35]. Smith an

. - . N F | Result
Tung [38] also examined the probability of errors in 5 f : (imu a O.Ziu
different methods, which revealed that the biggest error was = (2'6 x CUT)
when g value was large. The ratio of the packaged-food 2 j:J_ 93.1
system’s height to diameter approached 1 (one). From th Ir=_
; . 3 (250 =TT) 0.681
calculated Fvalue with the Formula Method, a scenario for 10—
A Fi = 10 z
thermal processing was planned. In Table 2 and Table 3 th -
e 4 | fJU=f/(FxF) 6.057
T, and R targets were set, and then the total processing time 5 [logg 0.808
and operator time were calculated. 6 | B=4(logji—10gg) 39
TABLE I 7 R=B-0,42 CUT 31

CALCULATION RESULT OFB AND P; (MINUTES) USING FORMULA METHOD

(TR TARGET = 253°F;CUT = 18 MINUTES; J = 93°F;FoTARGET = 4 MINUTES) From Table 5 we could see thatvalue derived from the

estimation was in the amount of 31 minutes fqrtdrget

N(l) _FormU|a gziult value of 253°F and Rarget of 8 minutes.
ji= (0.6 x CUT) :
. TABLE VI
2 J :]l/(Tr — T) 93.1 CALCULATION RESULT OFB AND P; (MINUTES) USING FORMULA METHOD
3 E= 10/\(((250 _ TT'))/Z) 0.681 (TeTARGET = 253°F;CUT = 18 MINUTES; 4 = 93°F;FoTARGET= 10
= MINUTES
4 | fJU=1f/(FoxF) 121 )
5 log g 0.996 No | Formula Result
6 B=1f(logjl—logg) 33 . 061
7 | R=B-042CUT 25 Ji = (0.6 xCUT) :
i=j1/(Tr = T) 9.1
From Table 2 we could see thatvalue derived from the
estimation was in the amount of 25 minutes fortdrget 3 F=107(((250 —Tr))/z) 0.681
value of 253°F and Rarget of 4 minutes.
4 | fJU=1f/(Fox F) 4.85
TABLE Ill 5 | logg 0.73
CALCULATION RESULT OFB AND P; (MINUTES) USING FORMULA METHOD 6 B=f (logil—1 4'1
(T TARGET = 250°F;CUT = 18 MINUTES; 4 = 93°F; Fp TARGET = 4 MINUTES) =h (logjl—logg)
7 R =B-0.42 CUT 34
No Formula Result
1. 061 From Table 6 we could see thatvalue derived from the
ji= (0.6 x CUT) : o . ,
> 951 estimation was in the amount of 34 minutes fqrtdrget
i=jl/(Tr —=T) ' value of 253°F andftarget of 10 minutes.
3 | F=107(((250 —T1))/2) 1.00 TABLE VII
4 f/U = f/( Fo x F) 8.25 THE CALCULATION RESULT OFB AND P (MINUTES) USING FORMULA
5 log g 0.902 METHOD (Ts TARGET = 253°F;CUT = 18 MINUTES; 4 = 93°F;Fy TARGET=
6 B=1,(logjl—logg) 36 12MINUTES)
7 P=B-042CUT o8 No Formula Result
t— Y,
_ ji = (0.6 x CUT) 0.61
From Table 3 we could see thatvalue derived from the i=jl/(Tr —T) 931
estimation was in the amount of 28 minutes fqrtdrget
value of 250°F andRarget of 4 minutes.
3 0.681
F=10"(((250 —Tr))/z
TABLE IV ' ( )/2)
CALCULATION RESULT OFB AND P; (MINUTES) USING FORMULA METHOD
(TaTARGET = 253°F;CUT = 18 MINUTES; 4 = 93°F;FoTARGET = 5 MINUTES) 4 fyU = fi/( Fo x F) 4.04
5 log g 0.659
No Formula Result 6 B=f,(logjl—logg) 44
T [ =6xcun 0.61 7 R=B-0,42 CUT 36
2 i=jl/(Tr =T) 931 From Table 7 we could see thatvalue derived from the
3 | F=107(((250 —T1))/2) 0.681 estimation was in the amount of 36 minutes fortarget
4 | fJU=t/(Fox F) 9.69 value of 253°F andRarget of 12 minutes. Table 8 shows a
5 |logg 0.946 review of calculation results using many scenarios at retort
6 B=1,(logjl—logg) 34 temperatures of 253°F and 250°F, with thrgets varying
7 P =B-0.42 CUT 27
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from 4-12 minutes with the calculation of the step mentioned
above.

TABLE VIII
B AND P; VALUES FOR VARIOUS SCENARIOS ORENDANG POUCH THERMAL
PROCESS
Temperature Fo target B Py
(°F) (minutes) (minutes)  (minutes)

4 3 25

5 34 27

253 °F 8 39 31

10 41 34

12 44 36

4 36 28

5 38 30

250 °F 8 43 36

10 47 39

12 50 42

From Table 8, we could see that the value of B and Pt
needed to be increased when we want to increase the target
Fo. Whereas when we want to use lower temperatures to
achieve the sameyfvalue, we need to heat the product in a
longer period. In this study, we confirmed that the
calculation of the process using the pressure-controlled-
retort could be treated the same as the time-controlled-retort.
We just need to look carefully at what temperature T
remained in a stable condition; that was when the pressure
held for a while. The stabile, Then be used as thg for
calculation in Formula Ball Method. The main part of the
estimation was also when we captured the CUT value and
the J value from the logarithmic heating curve. We need to  Figure 5 shows the prototype of Traditional Food
look carefully at which point the Jalue from graph reading. Rendang as Ready-to-Eat Meal using Retort Pouch

Steam sterilization techniques were safer in the risk of Packaging. The retort pouch was in the size of 120 gr net
decompression than those High-Pressure Processingveight, using a four-layer retort pouch (PET / Nylon /
Techniques [39], [40]. The steam sterilization technique still Modified Aluminum/CPP) in the dimension size of 130x180
became a good choice to preserve low acid foods, although itnms.
needs more studies in the effect of metal in it [41]. However,

Fig. 5 Prototype of Rendang inside Retort Pouch Packaging

the use of the Ball Method still becomes a more V. CONCLUSION
compromised way to study the ster'ilization efficacy and  Tne General Method and Formula Ball Method can be
could be more developed combined with software [42]. used to predict theyFvalue of Rendang inside retort pouch

_ The following Figure 3 shows the samples of Rendang packaging using a temperature profile. The results were by
inside Retort Pouch Packaging. The samples were vacuuMe results of observations, which were 5.88, 5.17, and 5.91
sealed packed in 60gr of meat and 60 gr of dressing. minutes for calculations using the General Method, Formula
Method, and observation, respectively. The use of the
Formula Ball Method is also still preferred because the steps
are easily more understood in the basics of thermal processes
so that it is easier to design a process time scenario. In this
study, it was found that the value of Pt (processing time)
Beef Rendang in a retort bag with a value @fi€signed 4, 5,

8, 10, and 12 minutes were 25, 27, 31, 34, and 36 minutes
respectively for retort temperature 123°C (253°F). Whereas
for a 121°C (250°F) retort temperature was 28, 30, 36, 39,
42 minutes, respectively. From these results, the writer
hopes that the value derived could become additional
information for designing the meat-curry- medium

VJ*’.

Fig. 3 Sample of Rendang inside Retort Pouch Packaging (Rendang)'s process schedule.
Figure 4 shows the measurement of thevdue using k NOMENCLATURE
meter. In this research, we used triplicatenfeasurement, T process temperature =
and the lowest value was used to calculated using Generalr . temperature reference, usually used 121.1°C =
Method and Formula Ball Method. L, lethal rate
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Fo sterilization value/sterilizing value of 121.1°C  min
i heating lag factor °F
CUT come up time min
] dimensionless lag factor
T, retort temperature °F
T product temperature °F
F period of heating in temperature T
equivalent with heating of 1 minute in 250°F min
z temperature heating difference which cause
D value difference of 1 log cycle °F
g difference of retort temperature with
initial temperature °F
B total process time min
fh heating rate factors (related to slope of
semi-log heat penetration curve) min
P, operator process time (time when
retort reaches processing temperature until
the steam is turned off) min
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