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ABSTRACT

Despite having abundant of natural sources of vitamin A, Indonesia currently imports
all its need for vitamin A, which amounted to 683 tons in 2018. This paper evaluated
possible alternatives and recommended the best scheme to establish a domestic vitamin
A industry based on technical, economic and social aspects. Possible natural sources for
producing vitamin A were discussed and the best choice was selected. Then, the most
suitable vitamin A product and process were designed together with a financial scheme
to enable its operation. Our analysis showed that the best ingredient to produce local
vitamin A industry is crude palm oil (CPO), processed through extraction using hexane
and isopropanol as solvents and HP-20 DIAION as adsorbent, resulting high concentrate
beta carotene and light-colored CPO for further palm cooking oil production. The
proposed business scheme was to integrate the proposed industry with an existing palm
cooking oil industry for a guaranteed raw material supply and further process into palm
cooking oil. Investment required in this design was IDR 108.3 billion (USD 7.3 million)
for a capacity of 100 kg/day (35 ton/year) with expected 63.6% internal rate of return
and 3 years payback period.

Keywords: Crude palm oil (CPO), Vitamin A, Beta carotene, Extraction, Net present
worth.

1. INTRODUCTION

Indonesia currently fulfils its domestic need of vitamin A through imports, which
amounted to 683 tons in 2018 (CNBC-Indonesia, 2020). The need for vitamin A in the
country has been increasing along with the enforcement of government’s vitamin A
fortification program in palm cooking oil, according to the national standard (SNI)
7709:2019. Food fortification was launched by the government to reduce cases of
vitamin A malnutrition. One form of malnutrition caused by vitamin A deficiency is
stunting (Desmond and Casale, 2017; Fatimah and Chondro, 2020). According to the
Indonesian Basic Health Research (RISKESDAS) 2018, the prevalence of stunting
among children under 5 years old in Indonesia is 27.7% (Budiastutik and Nugraheni,
2018), meaning that approximately 9.3 million children under 5 in Indonesia are affected
by stunting.

Beta carotene is the most widely used natural pro-vitamin A in various industries. The
demand for beta carotene is increasing globally for several uses such as fortification of
food products, dyes for medicines, food supplements, animal feed, and for cosmetic
products. The global beta carotene market is projected to grow by 3.93% (compound
annual growth rate) over the period of 2020-2025 (Global-Market-Insights, 2021).

Indonesia is one of the largest countries producing palm cooking oil in the world,
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and palm cooking oil has a high content of beta carotene
(Darnoko et al., 2002; Van het Hof et al., 2000; Rice and
Burns, 2010). In the production process of palm cooking oil,
carotenoids, the red source of vitamin A in palm oil, are
gradually eliminated because customers do not like red/dark
color in cooking oil. To fulfil government’s requirement of
vitamin A content in palm cooking oil, producers then
fortify the cooking oil with imported synthetic vitamin A,
which costs only USD 60 per kg and has bright-yellow color,
thus favorable for use by cooking oil industries.

Meanwhile, beta carotene contained in commodities
other than palm oil has not been commercialized to fulfil the
domestic demand. Dunaliella Salina microalgae also has a
high beta carotene content (Harvey and Ben-Amotz, 2020).
Unfortunately, this microalgae is rarely produced, so that
producing vitamin A from it requires integration with a
cultivation of the microalgae.

The objective of this paper is to develop a thorough plan
for a domestic vitamin A industry using available natural
source of beta carotene in Indonesia. The scopes of this
paper are to select raw material, to design product and
process, and to study the feasibility of the proposed vitamin
A industry from technical, economic and social viewpoints.
Existing literature data was used for the selection and design.
The results of this study will help policymakers and
investors with making informed decisions about novel
domestic vitamin A industry.

2. MATERIAL AND METHODS
2.1 Raw Material Selection

2.1.1 Vitamin A and Its Precursors

Vitamin A is a micronutrient that important in
maintaining vision, immunity, reproductive growth and
fetal development (Blomhoff, 2001). Pro-vitamin A is a
precursor of vitamin A derived from plant foods. The term
"pro-vitamin" is used to label a substance with little or no
vitamin activity, but which can be converted to an active
form through normal metabolic processes (Olson, 1989).

In general, pro-vitamin A has a form of carotenoid. Beta
carotene is a type of carotenoid used in all industries in
global market (Britton et al., 2009). Beta carotene is
commonly used in pharmaceutical, nutraceutical, animal
feed and dye industries for food and cosmetics (Das et al.,
2007; Britton et al., 2009). The types of carotenoid
converted to vitamin A in the body are beta carotene, alpha-
carotene and beta-kryptoxanthin (Noviendri et al., 2011).
Based on these facts, beta carotene is the appropriate
vitamin A precursor to be produced in industries (Gul et al.,
2015).

2.1.2 Potency of Beta Carotene Commercialization
Beta carotene in the global market is projected to grow at

a compound annual growth rate (CAGR) of over 6%, with

a value of more than USD 520 million between 2021 and

2027 (Global-Market-Insights, 2021). The significant use of
beta carotene in animal nutrition and food and beverage
industry is contributing to the growth of the global beta
carotene market. The beta carotene market is divided into
several uses, e.g., food coloring (with a major application in
providing the yellow color to margarine), as a food additive
to enhance the color of the flesh of fish and yolk of eggs,
and to improve the health and fertility (Priyadarshani and
Rath, 2012). Based on the type of production, beta carotene
is divided into natural product extraction, chemical
synthesis, microalgae extraction and fermentation methods
(Market-Study-Report, 2019).

Animal feed applications contribute more than 30% of
the overall beta carotene market share (Global-Market-
Insights, 2021). Beta carotene is widely used in animal feed
due to its antioxidant properties, which perform nutritional
and regulatory functions in poultry, livestock, and fishery
(Novoveska et al., 2019). In powder form, natural beta
carotene is commonly used for coloring and for pro-vitamin
A in animal feed for livestock, and poultry feed and fish and
shrimp aquaculture (Kl4ui and Bauernfeind, 1981; Surai et
al., 2001; Englmaierova et al., 2013). It acts as an essential
nutrient and as an essential pro-vitamin to increase fertility
and immunity for livestock.

Synthetic beta carotene dominates share of global beta
carotene industry in 2019 (Global-Market-Insights, 2021).
This product displays a very high conversion rate to vitamin
A. Synthetic beta carotene holds a major share due to its
wide-scale use in powdered soft drinks, butter (Mezzomo
and Ferreira, 2016), and pharmaceuticals and cosmetic
preparations (Stahl and Sies, 2012). However, with
increasing health awareness regarding the harmful effects of
artificial or synthetic ingredients, consumers in both
developed and developing countries are turning to natural
beta carotene products (Bogacz-Radomska and Harasym,
2018).

Powder form accounts for more than 8§0% of the overall
beta carotene market size in 2019 (Global-Market-Insights,
2021). Powdered products are mainly used in
pharmaceutical, animal feed and food processing
applications due to their easier handling, low shipping costs,
and good stability. It is mainly used for food and beverages,
tablets, capsules, water-soluble foods, beverages, cosmetics,
animal feed, and dietary supplements.(Globe-News-Wire,
2020).

2.1.3 Potential Sources of Beta Carotene

The selection of raw materials for the proposed vitamin
A industry was analyzed based on beta carotene content in
each raw material and their availability in Indonesia.
Considering the potency of palm oil which has a high beta
carotene content, the potency of palm oil is identified from
palm oil derivative products (Table 1). Furthermore, the
calculation of the potential value of beta carotene in each
raw material is carried out to predict the beta carotene that
can be produced annually. In Table 2, the potency of beta
carotene (in ton/year) from palm oil and other sources are
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calculated based on annual production of each raw material
in Indonesia.

The calculation in Table 2 suggested that crude palm oil
(CPO) has the highest potency to be the raw material for
producing beta carotene. The data shows that in 2020,
Indonesia produced 49.12 million tons of CPO containing
18,518 tons of beta carotene, and the production is
continuously increasing. The carotenoid content in red palm
oil (RPO) is estimated to be 80% of CPO carotenoid
(Sundram et al., 2003), while Nagendran et al. (2000)
explained that RPO contains 258 ppm of beta carotene.
From this data we can see that the beta carotene content in
RPO is lower than in CPO because RPO has experienced a
heating process so that the beta carotene content is reduced.
RPO annual production data is obtained from the
calculation of RPO yielded from the CPO process, where
RPO yields from CPO is 90% (Purnama et al., 2020).
Therefore, it is estimated that the annual production of RPO
is 90% of the annual production of CPO.

In addition to palm oil, the potency of mango is
noticeable due to its high annual production. However, the
content of beta carotene in carrot (in ppm) is much higher
than mango. While beta carotene content in carrot is around
80% of the carotene value (Jeszka, 1997), beta carotene
content of carrot generally ranges from 60 to 120 mg per
100 grams, and there are several varieties of carrot that
contain up to 300 mg of carotene per 100 grams. Thus,
carrot has the potency to be another alternative for the raw
material for beta carotene production. However, since palm
oil is massively cultivated for the production of palm
cooking oil and biodiesel (Tan et al., 2009), the potency of
beta carotene from palm oil is currently much higher than
any other sources.

We selected palm oil as the raw material of beta carotene
for the proposed industry based on two reasons. First, the
potency of beta carotene from palm oil is much higher than
any other sources, according to Table 2. Second, selecting
palm oil as the raw material will open the opportunity to
integrate the proposed industry with a currently operating
palm cooking oil industry, thus help the implementation of
the proposed industry.

2.2 Product Design

2.2.1 Main Product
The main product of the proposed vitamin A industry is

beta carotene extracted from CPO, a product from palm oil
through the extraction of palm bunches. CPO extraction
from palm bunches can be physical or mechanical and does
not need any chemicals. The specification of carotene as the
product of the proposed industry is explained as follows.

e Content: According to Rivani et al. (2009), carotenoid
content in palm oil ranges from 600-1000 ppm
consisting of two components, i.e., xanthophylls (5%)
and carotene (95%). In carotene, there are 29% of alpha-
carotene, 64% of beta carotene, and 4% of gamma
carotene, where alpha and beta carotene has pro-vitamin
A activities between 0.9 and 1, respectively.

e Daily requirements: Daily requirements to meet the
needs of vitamin A are shown in Table 3. Based on the
need for vitamin A in Table 3, the consumption of beta
carotene (which is equivalent to vitamin A) for adults is
about 9,000 IU per day. Meanwhile, for children, it can
be consumed at a dose of 2,000 IU per day. Beta carotene
can be taken in the form of supplement or in the form of
vegetables and fruits. If taken as supplement, there are
two types of beta carotene supplements can be consumed,
i.e., water-based supplements and oil-based supplements.
It is known that water-based beta carotene supplements
can be absorbed better by the body compared to oil
(Zhang et al., 2021). This may be due to the smaller water
molecules compared to oil, which makes it easier for
them to enter the cells and tissues in the body.

e Raw material: As discussed in Section 2.1, the raw
material for beta carotene extraction is CPO since it is
known that CPO has the largest beta carotene content
than other natural ingredients (carrot and tomatoes). CPO
is hugely available in Indonesia because of its large
production of around 49 million tons per year.
Additionally, after beta carotene extraction, CPO can still
be reused for producing cooking oil.

Table 1. Content of beta carotene from palm oil derivative products (Nagendran et al., 2000)

Palm oil derivative products

Carotenoid content (ppm) Beta carotene percentage (%) Content of beta carotene (ppm)

CPO 673
Red palm oil 545

56 377
47.4 258

Table 2. Beta carotene potency from various natural sources (Southon and Faulks, 2003)

Source of pro-vitamin A

Beta carotene content (ppm) Production in 2020 (ton/year) Beta carotene potency (ton/year)

Palm oil CPO 377
RPO 258

Carrot 80*

Vegetable Spinach 45%
. Mango 31%*

Fruit Pawpaw 6.4%

49,120,000 18,518
44,208,000 11,406
650,000 52
157,000 7.1
2,898,588 89.8
1,016,388 6.5

*Common dietary sources of carotenoids in regular meals (nug/100 fresh weight)
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e Food Safety: In the human body, beta carotene will be
converted into two molecules, where only one molecule
will be converted into vitamin A can be converted into
vitamin A in human retinal pigment epithelial (RPE) cells
in a regulated manner (Chichili et al., 2005). Until now,
it is known that excess beta carotene content in the body
can be changed and well controlled in the body so that
there is no risk of vitamin A excess. This is quite different
from synthetic vitamin A, because excessive synthetic
vitamin A will become toxins in the body (Fallon and
Boyer, 1990). The absorption of beta carotene in the
human body is very quick, around 3-7 h after food enters
the digestive tract (Wang, 1994). In other studies
conducted on animals, it is shown that carotenoids are not
mutagenic and teratogenic (Mathews-Roth, 1986). Doses
of up to 180 mg of beta carotene per day have been used
for many years to treat patients with erythropoietic
protoporphyria, without evidence of vitamin A toxicity
and without the development of abnormally elevated
blood vitamin A concentrations.

Table 3. Daily requirements for vitamin A (Institute-of-
Medicine et al., 2002)
Ace Daily requirements (mcg)

& Male Female Pregnancy Lactation
0-6 months 400 400 - -
7-12 months 500 500 - -

1-3 years 300 300 - -
4-8 years 400 400 - -
9-13 years old 600 600 - -
14-18 years 900 700 750 1,200
19-50 years 900 700 770 1,300
51+ years 900 700 - -

2.2.2 Side Product

The side product resulted from the extraction of beta
carotene is CPO with reduced beta carotene content of
approximately 200 ppm that can still be used for cooking oil
production. Kasmin et al. (2016) showed that CPO quality
slightly decreased from CPO before extraction in terms of
free fatty acids (FFA), deterioration of bleaching index
(DOBY), carotene content, oxidative stability and fatty acid
composition of the oil. A slight increase in the value of fatty
acid in the extracted CPO occurs due to heating in the

extraction process and also separation using a solvent. Then,
an increase in the value of moisture and purity can occur
because it is less efficient in removing the isopropanol
solvent residue.

CPO with low content of beta carotene can further be
processed to produce cooking oil, i.e., through refinery,
bleaching and deodorization stages.

2.3 Process Design

2.3.1 Methods of Beta Carotene Isolation from Palm
Oil

Possible methods to isolate beta carotene from CPO at
industry-scale are shown in Table 4. There are three
methods considered for the proposed industry, i.e.,
adsorption, esterification and fluid extraction.

Since CPO in Indonesia is largely used to produce palm
cooking oil, it would be an advantage to choose a method
that is easier to integrate with existing cooking oil industries.
With this in mind, we proposed to apply adsorption for beta
carotene isolation since this method results reduced-red
color CPO as a side-product that can be further processed to
produce cooking oil. Meanwhile, esterification is
commonly used to produce biodiesel (Chongkhong et al.,
2009), and supercritical fluid extraction (SFE) is associated
with high investment costs related to high pressure
operations (Rosa and Meireles, 2005).

2.3.2 Production Process

The isolation of beta carotene from CPO will use
synthetic polymer adsorbent as much as 0.777 mg of
carotenoids per 1 gram of CPO, or about 90% of the total
carotenoids (Wiyaratn and Watanapa, 2014). The extracted
beta carotene will be in liquid form in the carotenoids. Raw
materials used in the production process are CPO, HP-20
DIAION adsorbent, and hexane and isopropanol solvents.
The use of HP-20 DIAION as adsorbent was based on You
et al. (2001). The tools used in this production process are
designed according to the needs of the CPO, i.e., storage
tank, solvent tank I, solvent tank II, chromatography column,

adsorption tank, CPO and solvent mixing tank,
chromatography  column, pump, stirrer, UV-vis
spectrophotometry.

Table 4. Methods to isolate beta carotene from CPO

Method Extraction process

Side results

Adsorption, solvolysis,
distillation (Harahap et
al., 2018)
Esterification,
solvolysis, distillation
(Razi et al., 2022)
SFE (Davarnejad et al.,
2008)

Using a synthetic adsorbent that can absorb beta carotene. The
adsorbent can be used 3-5 times. Followed by separation using
certain solvents (e.g. isopropanol and hexane).

Using the esterification method to produce fatty acid methyl

Extraction using supercritical fluids as the extracting solvent,
using certain tools at low temperatures and high pressures.

ester (FAME). Followed by separation using a solvent (hexane).

CPO (reduced/lost red
color), adsorbent, solvent

FAME (biodiesel
industry), solvent

CPO (reduced/lost red
color), adsorbent, solvent
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The production process of beta carotene (1 MIU/gr) was
based on (Karo-Karo and Pardosi, 2017) as shown in Fig. 1.
First, CPO will be dissolved in isopropanol solvent until it
is well dissolved. Furthermore, the adsorbent will be
activated with isopropanol solvent before being loaded into
the chromatographic column. After the adsorbent is inserted
into the chromatographic column, CPO dissolved in
isopropanol is also added to the column. Then, elution is
performed using isopropanol solvent again and CPO will
result a small amount of beta carotene. CPO from the
chromatographic column will be evaporated until the
residual solvent amount is small and can be reused for the
production of cooking oil.

Adsorbent

CPO +
CPO . I (isjolger;ol) activated by
isopropano prop isopropanol
Chroma.to- Solvent
graphic
(hexane)
column
CPOIin Beta
. | carotene in
isopropano hexane
vaporized vaporized
Palm Beta
. . CPO
cooking oil carotene

Fig. 1. Separation tool design

Extraction of beta carotene can be carried out using
hexane solvent at a temperature of 30—50°C. Hexane is used
because it can adsorb beta carotene compounds solved in
the adsorbent. Hexane will continue to flow into the
adsorbent until the color of the adsorbent is not red anymore,
which means that all of the beta carotene has been
successfully adsorbed from the adsorbent. Beta carotene in
hexane then will also be evaporated until the solvent residue
left is not more than 50 ppm.

In the process of beta carotene extraction from CPO, an
adsorbent is used, i.e., equivalent DIAION HP-20 adsorbent
which can be used up to three extraction runs. After that, the
adsorbent should be replaced with a new one because the
adsorbent may be saturated and cannot adsorb beta carotene
anymore. We also proposed to use hexane and isopropanol
as solvents, which can be used repeatedly because after the
evaporation process, the solvent can be recaptured and
reused through distillation (Aboagye et al., 2021). This is
possible because the solvent is still clean and can function
properly.

The main equipment used in beta carotene extraction is a
chromatography tool, which is used to separate CPO and
beta carotene according to the desired capacity. The design
of the beta carotene separation device was based on Karo-
Karo and Pardosi (2017), which provided an equipment

design for a capacity of 100 kg CPO/day. The design of our
proposed equipment linearly scaled this design to reach our
planned capacity as provided in Section 2.4.

The extracted beta carotene can be delivered in the form
of emulsion or liquid in a closed container, which has a shelf
life of at least 3 months (Gomes et al., 2013). If a longer
shelf life of beta carotene is desired, it can be stored in
capsule or tablet form (Hosseini and Jafari, 2020).
Additionally, beta carotene can also be formed into crystals
so it can be stored much longer, and this can reduce the
antioxidant activity of beta carotene (Gomes et al., 2013).
Microencapsulation can also be performed to maintain beta
carotene by encapsulating beta carotene in certain particles
such as proteins and saccharides. Since the proposed
industry will deliver its products to the next production
stage, we proposed to deliver the product in containers.

2.3.3 Safety of Using Solvents in Beta Carotene
Extraction

In the extraction of beta carotene using adsorption
method, a solvent is used as a CPO solvent and beta carotene
extraction. Beta carotene is a compound with long carbon
that insoluble in polar water, acids, and alkalis. Therefore,
beta carotene can be dissolved in chloroform, ether, hexane
and oil. According to CODEX standards, beta carotene has
been agreed to be used as food additives as a colorant or as
a supplement (Beutner et al., 2001). Using a solvent to
extract beta carotene, there are several solvents that are
allowed such as hexane, acetone, methanol, and ethanol
solvents (de Souza Mesquita et al., 2021).

2.4 Net Present Worth (NPW) Analysis

2.4.1 Production Capacity and Sales Projection

The proposed vitamin A industry was planned to have an
installed a capacity of 100 kg of beta carotene per day or 30
tons per year. Product sales was projected to increase as
shown in Table 5. The installed capacity is projected to be
fully utilized in the 10" year.

Table 5. Beta carotene sales projection

Year 123 4 5 6 7 8 9 10
Betacarotene 35 ¢ 11 14 17 21 24 27 30
(ton)

2.4.2 Financial Summary

Our planned capacity was to produce 100 kg of beta
carotene per day, which is equivalent to 128.7 tons of CPO
as the raw material. This capacity was 1,287 times larger
from that proposed in Karo-Karo and Pardosi (2017), which
planned to process 100 kg of CPO per day. Assuming a
linear scale up for main machinery, the total investment
costs amounted to IDR 108.3 billion (see Table Al in
Appendix).

Variable production costs of beta carotene consisted of
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the cost of raw material, operators and electricity. For
producing 1 kg of beta carotene, we required 1,287 kg of
CPO, 429 kg of adsorbent, together with solvents and
packaging for the resulting products. The production cost of
beta carotene equaled to IDR 48,421 per gram (see Table A2
in Appendix). Based on the variable costs calculated above,
the proposed selling price of beta carotene is IDR 65,000
per gram, which is sold in 100-gram packages for
pharmaceutical and food industries. Meanwhile, fixed costs
for the proposed industry consisted of indirect worker
salaries, maintenance, depreciation and general fees.
Projected fixed costs per year amounted to IDR 22.2 billion
(see Table A3 in Appendix).

The financial summary for the proposed industry is
presented in Table 6. Projected revenues for the ten-year
period are shown in column 3, obtained by multiplying the
selling price and sales projection in column 2 (sales
projection in column 2 came from Table 2). The revenues
were then reduced by variable cost to obtain gross profit,
then by fixed cost to obtain earning before tax and interest
(EBIT), then by interest and tax to obtain earning after tax
(EAT), consecutively in column 4 to 10. Finally, cash flow
at year 0 in column 11 shows investment costs, also
cumulative cash flow in column 12.

Net present worth (NPW) of the proposed industry is
given by Equation (1):

n _CR
=1 14yt

NPW = CAPEX + ¥, (1)

where CAPEX is the total investment cost, CF; is cash
flow at year t, i is the interest rate, and n is the analysis
period. At an interest rate of 12 percent, the cash flow in
Table 6 resulted an NPW of IDR 721.2 billion. Internal rate
of return (IRR) of the project, the interest rate that results
NPW = 0, is 63.6%. Meanwhile, the payback period, the
time point where the cumulative cash flow (column 12 in
Table 6) equals to zero, is 2.8 years.

3. RESULTS AND DISCUSSION

From the vitamin A industry proposed in Section 2, we

have several notable points to discuss. First, we showed that
the vitamin A industry proposed in this study is feasible
technically, based on the availability of raw materials and
process technology at industry scale, as presented in Section
2. Second, the beta carotene from the proposed industry was
priced at IDR 65,000 per gram in bulk, while the price of
imported beta carotene products in the market starts from
IDR 466,000 per gram. This means, the product has a good
opportunity to compete with imported beta carotene
products in the market. The competitive price and the
positive Net Present Worth resulting from the sales
projection showed that the proposed industry is feasible
economically. The fact that the product cannot yet compete
with imported synthetic vitamin A (which costs only USD
60 or IDR 900,000 per kg) does not eliminate the
economical feasibility since natural and synthetic vitamin A
are two different products, and natural vitamin A (beta
carotene) is better than the synthetic one in its absorption
and its safety to human body.
Third, the best implementation scheme for the proposed
industry is to integrate it with an existing palm cooking oil
industry. This scheme will provide a certainty in the supply
of CPO as the raw material, as well as an assurance that the
side product of proposed industry will be used to produce
palm cooking oil. As the proposed industry will not disturb
the existing palm cooking oil supply chain nor will it harm
the environment, we concluded that the industry is feasible
socially. Fourth, since this study did not provide a detail
engineering design (DED) for the proposed industry, a small
scale plant should be piloted before establishing the
proposed industry in a full scale. A pilot plant will detail and
sharpen the production process and equipment thus helping
the DED development.

Table 6. Projected cash flow per year (IDR millions)

Year Sales (kg) Revenue Variable cost Gross profit Fixed cost EBIT Interest Tax  EAT Cash flow Cum. cash flow
(11 (2] (3] [4] (5] [6] [7] (81 91 [10] [11] [12]

0 (108,325) (108,325)
1 3,000 195,000 145,262 49,738 22,066 27,672 16,249 1,714 9,710 9,710 (98,615)
2 5,000 325,000 242,103 82,897 22,066 60,831 14,792 6,906 39,133 39,133 (59,482)
3 8,000 520,000 387,365 132,635 22,066 110,569 8,922 15,247 86,400 86,400 26,917
4 11,000 715,000 532,627 182,373 22,066 160,307 0 24,046136,261 136,261 163,179
5 14,000 910,000 677,889 232,111 22,066 210,045 0 31,507178,539 178,539 341,717
6 17,000 1,105,000 823,151 281,849 22,066 259,784 0 38,968220,816 220,816 562,533
7 21,000 1,365,000 1,016,833 348,167 22,066 326,101 0 48,915277,186 277,186 839,719
8 24,000 1,560,000 1,162,095 397,905 22,066 375,839 0 56,376319,463 319,463 1,159,183
9 27,000 1,755,000 1,307,357 447,643 22,066 425,577 0 63,837361,741 361,741 1,520,923
10 30,000 1,950,000 1,452,619 497,381 22,066 475316 0 71,297404,018 404,018 1,924,941
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This study has made its contribution on several things.
First, it provided a commercialization scheme on the beta
carotene adsorption technology proposed in Bangun et al.
(2015). While the adsorption method in Bangun et al. (2015)
is promising, it required further study to implement the
method in industry-scale, which this paper contributed.
Second, this study provided a scaled up the small-scale
prototype in Karo-Karo and Pardosi (2017) from 100 kg of
raw material (CPO) to 100 kg of product (beta carotene).
Therefore, this study provided investors and decision
makers an alternative of implementing a lab-scale
technology into an industry level.

It is necessary to remind some important notes related to
the results of this study. First, the product and the process
designed in this study can be implemented in any country.
However, the Net Present Worth (NPW) analyzed in this
study is dependent to the location of the industry. Thus, the
NPW needs to be recalculated if the plan will be
implemented outside Indonesia. Second, as a long term
initiative, it is necessary to carry out further studies on the
potential for vitamin A production from natural ingredients
other than palm oil. The recommended natural material for
further study is Dunaliella Salina as discussed briefly in
Section 2. This microalgae has a very high beta carotene
content per gram of its body, thus promising a high
efficiency in producing beta carotene. Last, another relevant
long term issue regarding to this study is the importance of
educating Indonesian people about the goodness of red
cooking oil, which contains a high content of beta carotene.
If people accept red palm oil as their cooking oil, existing
palm cooking oil industries can modify their production
process to keep beta carotene in the cooking oil, thus there
is no need to fortify the cooking oil with vitamin A.

4. CONCLUDING REMARKS

To reduce Indonesia’s dependence on imported vitamin-
A, a local pro-vitamin A industry can be established by
using CPO as the raw material, based on its huge availability
in Indonesian plantations, its high content of beta carotene
and the availability of an efficient technology to extract beta
carotene from it. The product of the proposed industry is
beta carotene concentrate which can be used as raw material
for pharmaceutical and food industries. Our study showed
that the proposed industry is feasible in technical,
economical and social aspects. Further studies need to be
conducted on the potential for pro-vitamin A production
from natural ingredients other than palm oil, such as carrot
and microalgae.
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APPENDIX
Table A1. Investment cost (IDR)
No Description Volume Unit Unit cost Total cost
Machinery and factory facilities
1 Raw material tank 1,287 units 4,026,275 5,181,815,925
2 Chromatographic column 1,287 units 38,652,240 49,745,432,880
3 Pump 1,287 units 9,663,060 12,436,358,220
4 Mixing machine 1,287 units 12,884,080 16,581,810,960
5 Finished product storage 1,287 units 6,442,040 8,290,905,480
6 50 kW electricity installation 1 units 48,450,000 48,450,000
7 Supporting equipment 1 set 1,000,000,000 1,000,000,000
8 Van car 1 units 300,000,000 300,000,000
9 Office furniture and equipment 1 units 500,000,000 500,000,000
Sum 94,084,773,465
Land and buildings
1 Land acquisition 1 ha 10000 m? 150 1,500,000,000
2 Factory building 5148 m? 2,300,000 11,840,400,000
3 Office building 200 m? 4,500,000 900,000,000
Sum 14,240,400,000

Total investment

108,325,173,465

https://doi.org/10.6703/IJASE.202309 20(3).007



International Journal of Applied Science and Engineering

Kurniawan et al., International Journal of Applied Science and Engineering, 20(3), 2023073

Table A2. Variable cost per kg of beta carotene (IDR)

No Description Volume Unit Unit price Total price
1 Raw material

- CPO 1,287 kg 1.3 1,673,100
- Diaion HP20 eq. adsorbent 429.0 kg 90 38,610,000
- Isopropanol 77.2 liter 45 3,474,900
- Hexane 64.4 liter 35 2,252,250

- Packaging 10 pack 15 150
2 Operator 8 man day 153,846 1,230,769
3 Electricity 710 kWh 1.45 1,029,600
Production cost per kg 48,420,619

Production cost per gram 48,421

Table A3. Fixed cost per year (IDR)

No Description Volume Unit Unit price Total price
1 Indirect worker salary
General manager 13 man month 20,000,000 260,000,000
Production manager 13 man month 15,000,000 195,000,000
Admin manager & general 13 man month 12,000,000 156,000,000
Staff 78 man month 8,000,000 624,000,000
2 Maintenance 1 set 7,477,762,143 7,477,762,143
3 Depreciation 1 set 10,682,517,347 10,682,517,347
4 General & admin fees 1 set 2,670,629,337 2,670,629,337
Fixed cost per year 22,273,908,826
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