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Abstract: The increase in food demand in Indonesia is one of the consequences of the imbalance
between population growth and declining food products. One of alternative technologies that can be
used in plant breeding programs to increase agricultural production, in order to meet food demands,
is genetically modified organism (GMO) technology. This technology presents a lot of pros and cons
among the public-related impacts that will be accepted by consumers. The purpose of this study
was to determine the level of sustainability between GMO and non-GMO foods. The performance
measurement model for GMO and non-GMO foods was considered according to the seven issues
of sustainability that represented environmental, social, and economic aspects. The assessment
method was conducted by using Adjusted Profit (AP) with Total Price Recovery (TPR) indicators
and Total Factor Productivity (TFP) by utilizing the Data Envelopment Analysis (DEA) Method.
Assessments made on each supply chain component included agriculture, processing, and transport
to wholesalers/retailers. This study used numerical examples of rice production in Indonesia. The
research results found that the performance of non-GMO rice chain is better than GMO rice. It
indicates that non-GMO rice is more sustainable. The results show that the proposed model can be
applied to measure the sustainability of GMO and Non-GMO agri-food supply chain performance.

Keywords: adjusted profit; agri-food supply chain management; DEA; genetically modified organism;
performance measurement; sustainability

1. Introduction

The supply chain has become a frequently discussed issue in human life, one of which is the
agri-food supply chain. Lambert et al. [1] defined the supply chain as a process that adds value to
customers and stakeholders through the integration of end-user business processes through genuine
suppliers that provide products, services, and information. An agri-food supply chain consists of
a set of activities in a “farm-to-fork” sequence including farming, processing/production, testing,
packaging, warehousing, transportation, distribution, and marketing [2]. The distinction between
the food supply chain and other supply chains is that the former affects a continuous and significant
change in the quality of food products, consistently and significantly throughout the supply chain
until the end point of the product is consumed by consumers. Hence, the food supply chain lays
more emphasis on how companies meet consumer demands not only in providing goods but also in
the capability to ensure the availability of raw materials on time by the supplier, to meet consumer
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demands on time, and to maintain the right quantity and quality so that the overall supply chain
is improved.

The agri-food industry is a social issue. The agri-food supply chain plays an important role to
maintaining the balance of food demand and world population growth [3]. The world population
is expected to increase to 8.3 billion by 2030 and to exceed 9.2 billion by 2050 [4]. Along with the
increasing world population, food production is also expected to be increase from 70% to 100% by
2050 to meet the increasing demand for food [5].

In order to sustain human life, food is one of the most necessary and important elements. Changes
in culture and way of life make food availability an important issue for humans. Various efforts
have been made to address these challenges, including by applying biotechnology through genetic
engineering. With climate change and the rising world population, the expected demand for food
can be met by increasing access to genetic resources. One of the important issues is the effect of the
widespread application of agricultural biotechnology on biodiversity. An organism resulting from this
technique is known as a Genetically Modified Organism (GMO). GMO is a technology used to alter a
cell’s genetic material to produce new substances or perform new functions [6]. Modifications to an
organism provide the capacity for the development of crops to make them compatible with various
ecologies. Therefore, technological advances help to increase the diversity of nature and expand the
adaptive capabilities [7]. This genetic engineering technology has been shown to produce transgenic
crops whose planting area has increased more than 40 times, i.e., from 1.7 ha at the time of introduction
in 1996 to 67.7 million ha in 2003 [8].

Apart from the benefits of GMO foods, it is also feared that transgenic foods could cause unknown
losses. These losses could have an environmental, social, and economic impact. The environmental
issue of GMOs has led to superweeds and superpests that are extraordinarily difficult for farmers to
manage. The negative impacts of genetically engineered crops on the environment are very destructive
with the loss of biodiversity. This can occur through gene pollution [9]. Additionally, from an economic
aspect, competition in trading and marketing of GMO agricultural products will cause injustice to
developing agrarian countries due to the far-reaching technological gap with developed countries.
The gap arises because modern biotechnology is excessively expensive, which makes it difficult for
developing countries to adopt and develop it. Patents owned by producers of transgenic products
are also trying to increase the dominance of developed countries. Farmers who plant unlicensed
transgenic seeds could get prosecuted for violating property rights. Furthermore, since the commercial
introduction of GMOs, the seed industry has rapidly consolidated. Only a few companies control the
seed market [10]. Food with genetically modified components may not be labeled. New traits could
cause adverse health reactions.

Indonesia imported more than $1.42 billion of GMO products in 2014, including Bt corn, herbicide
tolerant soybeans and meal, Bt cotton, and various food products derived from GMO crops [11].
GMO products that enter the Indonesian market must enter through a process of inspection by
the relevant ministries associated with food safety, feed safety, and environmental safety based on
scientific approaches as well as considering esthetic norms, socio-cultural concerns, ethical concerns,
and religion. The national competent authorities in Indonesia are the Ministry of Environment and
Forestry, the Ministry of Agriculture, the Ministry of Trade, the Ministry of Health, the Ministry of
Marine Affairs and Fisheries, and the National Agency of Drug and Food Control (BPOM).

In addition, stakeholders both private and governmental in Indonesia have a special laboratory
used to test GMO products. With those labs, Indonesia continues to develop GMO crops, such as:
Tomato (resistant to virus), cassava (amylase modification), sugarcane (modification of high glucose
levels), rice (efficient use of nitrogen), and delayed ripening papaya. With so many GMO products
coming into Indonesia and accompanied by numerous GMO product-testing labs, it is possible for
Indonesia to minimize the presence of dangerous GMO products. However, the impacts of GMO
products are not yet known. Therefore, the Indonesian must be careful in buying food.
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Along with the growing application of genetically engineered plants, many people have welcomed
with positivity and support the application of this technology as a promising food commodity, but
there are not a few who oppose it. Most people are concerned with health insurance and its effects on
environmental balance, so the use of this technology is still a polemic over whether it can be used as a
solution to overcome hunger or whether it will create pollution that brings damage and disaster.

Indonesia has specific needs in raising the capacity of the country to apply transparent and
science-based regulations to plant biotechnology, such as: knowledge improvement of technical teams
through biosafety training on stacked events of GMO products, finalizing the guidelines for research
and development of transgenic products in the laboratory, biosafety containment, and confined fields,
as well as developing food safety and feed safety assessment guidelines for stacked events, and
monitoring programs. Therefore, this study surely could benefit society, the economy and the nation
of Indonesia.

With the number of GMO products that have been developed in Indonesia as well as with the
availability of laboratory tests for GMO products, the studies that relate to performance measurements
between GMO and non-GMO products are still lacking. Thus, this research is intended to investigate
the sustainable supply chain performance of GMO foods compared to non-GMO foods by using the
indicator-based approach in data envelopment analysis (DEA). The DEA method was chosen because
DEA can measure many inputs and outputs, as well as evaluate quantitative and qualitative measures,
making it possible to reasonably assess the efficiency of the units analyzed.

There are several studies about DEA. Sun et al. [12] studied the efficiency evaluation of the
operation analysis system from big data using DEA models. Fu et al. [13] studied how to increase the
scale of cassava planting and promote cassava production efficiency in China using output-oriented
DEA modeling. Ma et al. [14] have applied a super-efficiency data envelopment analysis model with a
slack-based measure (Super-SBM DEA) considering undesirable outputs to measure the integrated
transport efficiency (ITE) of 31 provinces in China. Then this research was intended to evaluate the
efficiency of GMO and non-GMO products; the results of this research are expected to produce a set of
performance-measuring frameworks for GMO and non-GMO foods in terms of sustainability using
the DEA method.

2. Materials and Methods

The data used in this study were primary and secondary data. Primary data were taken from
questionnaires and interviews of GMO and non-GMO companies and rice farmers in Java, Indonesia.
Secondary data were taken from online resources. Judgment sampling techniques were used to collect
the GMO companies’ information in Indonesia. Then, we took one product as a case study to be
observed by using the seven issues of sustainability developed by Gaitan-Cremaschi et al. [15,16].
In this research, seven issues of sustainability were determined. Biodiversity, atmosphere, materials,
and water were selected as issues of the environmental sustainability dimension. Economic
performance was selected as an issue of the economic dimension. Then, employment practices
and product responsibilities were selected for the social dimension.

Data Envelopment Analysis (DEA) is a non-parametric efficiency evaluation method that uses a
mathematical planning model to calculate the distance between each Decision Making Unit (DMU) and
the production frontier consisting of the best performing DMUs in practice, and further to calculate
the efficiency score of each DMU. The term DMU in DEA can represent a variety of units, such as units
from factories, departments, and anything that has similar operational characteristics. There are two
factors that influence the selection of DMUs, namely: First, the DMUs must be homogeneous units.
These units carry out the same tasks, and have the same objective. Second, the inputs and outputs
that characterize the performance of the DMUs must be identical, except that they differ only in their
magnitude and size.

Next, in this study the DEA method was used to measure the Total Factor Productivity (TFP)
indicator and the Total Price Recovery (TPR). This research used the Adjusted Profit (AP) integrated
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indicator for product comparison in conditions of sustainability. The adjusted profit (AP) indicator
provides some input-output properties of the agri-food supply chain, contributes to negative
production externalities, and provides one unified sustainability performance measure. This research
also used the Total Factor Productivity (TFP) indicator and the Total Price Recovery (TPR) indicator
to identify the consistent comparison between the adjusted profits from the different products. With
that indicator, the variation in total adjusted profits among the production chains could be divided
into variations caused by the difference in price (price represents the difference in TPR) and variations
caused by the difference in quantity (quantity represents the difference in TFP) for each input, output,
and externality [17-19].

The agri-food supply chain or Decision Making Unit (DMU) for both GMOs and non-GMOs
is explained as a set of three stages: z = 1, z = 2, and z = 3, they are agricultural/farming (z = 1),
processing (z = 2), and transport to wholesalers/retailers (z = 3). At every stage, vector x indicates
inputs, such as services, materials, energy, labor, and capital that are turned into outputs (products),
symbolized by vector y. Some environmental and social externalities are generated as a side effect of
production, stated by vector b, such as loss of biodiversity, poor working conditions, pollution, and
waste. The schematic diagram of an agri-food supply chain in this research is shown in Figure 1.

bl b2 b3

Transport to

Agricultural Processing wholesalers/ I 3
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(z=3)

X! x2

Figure 1. Schematic diagram of an agri-food supply chain.

The value of AP in agri-food supply chains is positive if the difference between the aggregated
outputs and the aggregated inputs shows positive results and, vice versa, when the difference between
the aggregated outputs and the aggregated inputs is negative then the agri-food supply chain has a
negative adjusted profit (AP) as the externalities are output penalties that decrease the score. The score
of the AP value is calculated by Equation (1) below:

AP =p'y —7'b—wix (1)

Some outputs, inputs, and externalities are aggregated using price vectors p, w, and r.

It is assumed that there are k =1, ... , k investigations for the non-GMO food chain and m =1,
..., minvestigation for the GMO food chain. The TFP indicator and the TPR indicators are used to
evaluate the relative sustainability performance, i.e., to compare the AP within and between the two
agri-food supply chains which can be obtained from Equation (2) below:

3 +7"1) (b — by) ?
3(by+by)(r'2 —7')

(Pa+ 1) —w)| — (@2 +wh) (2 —x1)| -

Bip =|3
+ 32 +y) (P — 1) —
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The best player in the data (in terms of the highest AP) is expressed as 1 and any other
investigations, i.e., k or m, are expressed as 2. A lower number indicates a low sustainability
performance of the observation assessed relative to benchmarks. Differences in adjusted profits
between benchmarks and other observations can be divided into two sections. The first section
produces the difference in prices p, w, and r (TPR part — equation after the sign (+) of Equation (2)) and
the second section reflects the difference in the sum of y, x, and b (TFP part — equation before the sign
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(+) of Equation (2)). The differences in the AP related with the TFP or TPR part are evaluated at each
stage of the agri-food supply chain.

Some of the indicators used in this study were: profitability for the issues materials and economic
performance, global warming potential (GWP) for atmosphere, eutrophication potential (EP) for the
water issue, deforestation (DEF) and environmental toxicity (ET) as proxies of biodiversity, and farmer
toxicity (FT), consumer toxicity (CT), and loss of employment (LE) for product responsibility.

3. Results and Discussion

To implement the scheme in Indonesia, the first step is to find out the GMO and non-GMO food
products produced in Indonesia. Based on the report from the USDA Foreign Agricultural Service [11],
GMO products in Indonesia can be known as shown in Table 1. A lot of GMO rice is developed in
Indonesia, thus this research was carried out by analyzing the performance measurement of rice.

Table 1. GMO crops in Indonesia.

Crops Trait Developer
Rice Nitrogen use efficiency ICABIOGRAD, Bogor
Rice Drought tolerant ICABIOGRAD, Bogor
Rice Productivity ICABIOGRAD, Bogor
Rice Salt tolerant ICABIOGRAD, Bogor
Rice Brown planthopper resistant Padjadjaran University, Bandung
Sugarcane High glucose content PTPN-XI/Jember University, Jember
Tomato Viruses resistance ICABIOGRAD/RIV, Bogor
Tomato Low seed content ICABIOGRAD, Bogor
Cassava Low amylose content ICABIOGRAD/1IS, Bogor
Papaya Delayed ripening ICABIOGRAD, Bogor
Potato Resistance to Pytophthora ICABIOGRAD, Bogor
infestans
Tomato Miraculin Padjadjaran University, Bandung
Rice variety Rojolele Yellow stem borer resistant The Indonesian Institute of Science, Jakarta
Rice Drought tolerance The Indonesian Institute of Science, Jakarta
Sugarcane Availability of P Bogor Agricultural University, Bogor
Rice Aluminum tolerant Bogor Agricultural University, Bogor

Indonesian Research Institute for

Sugarcane Drought tolerance Biotechnology and Bioindustry, Bogor

Source: USDA Foreign Agricultural Service [11].

Indonesia is the world’s third largest rice producer after China and India. According to data from
the Central Bureau of Statistics [20], Indonesia’s rice production was 75.3 million tons in 2015. The
rice production comes from 14.11 million hectares of harvested land with productivity of 53.41 quintal
of rice/hectare. On the other hand, the population of Indonesia is the largest consumer of rice in the
world with a consumption rate of 114 kg/capita/year. The high production and consumption of rice
in Indonesia shows that rice commodities not only concern the interests of producers, but also the
needs of consumers. A scarcity of rice will lead to a food crisis. A rice crisis would trigger a crisis
chain, triggering other crises such as a nutritional crisis, a health crisis, an economic crisis, a social
crisis, and a political crisis. This study utilized two treatment schemes to meet the needs of rice in
Indonesia: Consuming GMO and consuming non-GMO rice seeds.

The rice supply chain in Indonesia consists of several subsystems, including supply, production,
and consumption. Each subsystem consists of more specific elements. Indonesia’s rice supply chain
system is cross-sectoral because it includes various related institutions, such as rice consumption
subsystems related to population and income issues, while supply subsystems are related to land and
agricultural cultivation issues. To analyze the supply chain, the rice supply system was divided into
three subsystems, namely supplier subsystem (agricultural as stage 1), producer subsystem (processing
as stage 2), and distribution subsystem to wholesalers/retailers (as stage 3). In each subsystem there
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are inputs, outputs, and externalities. To facilitate the depiction of a performance measurement system
between GMO and non-GMO rice, the following numerical example results from interviews with
related parties were used.

We quantified the outputs, inputs, and externalities for GMO and non-GMO rice chains as shown
in Tables 2-10.

Table 2. Numerical examples of quantities of output (y), input (x), and prices (p and w) of GMO and
non-GMO rice production in Indonesia.

Quantity
Unit GMO Non-GMO
Output quantities (y) ton 1 1
Input quantities (x)
Stage 1
Seed kg 16 17.7
Fertilizer kg 68.2 68.4
Pesticide kg 2.1 1.5
Machinery hour 0.8 0.8
Labor hour 1.2 1.1
Transport kg 32 32
Stage 2
Machinery hour 1 1
Stage 3
Fuel for Transport kg 145 145
Price
Unit GMO Non-GMO
Output price (p) $/ton 534.36 571.7652
Input price (w)
Stage 1
Seed $/kg 2.19 1.46
Fertilizer $/kg 0.37 0.37
Pesticide $/kg 25.62 25.62
Machinery $/hour 19.2 19.2
Labor $/hour 3.4 34
Transport $/kg 0.2 0.2
Stage 2
Machinery $/hour 0.07 0.07
Stage 3
Fuel for Transport $/kg 0.2 0.2

Table 3. Bad outputs of externalities in rice production.

Indicator . Externalities
Bad Output Quantities (b) Unit GMO Non-GMO
GWP kg COz-eq
Stage 1 242.7 246.7
Stage 2 204 204
Stage 3 5203 668.1
EP kg P 0.2 0.4
ET EIQ 35.8 208
FT EIQ 9.7 9.6
CT EIQ 5.4 48
DEF m? 15 6.5

LE hours 3.0 2.4
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Table 4. Shadow prices of externalities in rice production.

Externality Unit Shadow price US $
GWP kg COy-eq 0.02
EP kg POy4-eq 1.98
DEF m? 0.10
ET EIQe 0.02
FT EIQf 0.42
CT EIQc 0.31
LE Hour 3.40

Table 5. Adjusted profit for GMO and non-GMO rice systems.

System Py w’x r'b Adjusted Profit (AP)
GMO 534.36 168.99 32.77 332.60
Non-GMO 571.77 144.15 33.96 393.66

Table 6. Differences in the adjusted profit for GMO and non-GMO systems.

System Stage 1 Stage 2 Stage 3 Adjusted Profit
TFP TPR TFP TPR TFP TPR Differences
GMO 16.36 —88.26 0.00 0.00 2.96 —37.41 —106.34
Non-GMO 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Table 7. Adjusted profit for GMO and non-GMO rice systems if the quantity for GMOs is raised 10%.

System Py wx r'b Adjusted Profit (AP)
GMO 587.80 185.88 36.05 365.86
Non-GMO 571.77 144.15 33.96 393.66

Table 8. Differences in the adjusted profit for GMO and non-GMO systems if the quantity for GMOs is
raised 10%.

System Stage 1 Stage 2 Stage 3 Adjusted Profit
TFP TPR TFP TPR TFP TPR Differences
GMO —778.97  —92.65 —0.05 0.00 54.32 —39.28 —856.62
Non-GMO 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Table 9. Adjusted profit for GMO and non-GMO rice systems if the quantity for Non-GMOs is
raised 10%.

System Py w’x r'b Adjusted Profit (AP)
GMO 534.36 168.99 32.77 332.60
Non-GMO 628.94 158.57 37.35 433.02

Table 10. Differences in the adjusted profit for GMO and non-GMO systems if the quantity for
Non-GMGOs is raised 10%.

System Stage 1 Stage 2 Stage 3 Adjusted Profit
TFP TPR TFP TPR TFP TPR Differences
GMO 81334  —92.69 0.05 0.00 —4811 —39.28 633.30

Non-GMO 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table 2 shows data relating to the cultivation of the GMO and non-GMO products under study.
The data contains the quantity and price for each output and input contained in the stages of the
rice supply chain. The analyses of external factors used in this study were the Global Warming
Potential (GWP) of greenhouse gases, Eutrophication Potential (EP) which describes the amount of
phosphorus usage, Deforestation of natural areas (DEF), Environmental Toxicity (ET) which is the
impact of pesticide use, Farmworker Toxicity (FT) which is the long-term impact for farm workers
when applying pesticides to crops, Consumer Toxicity (CT) which is the potential impact on consumers
and groundwater effects, and Loss of Employability (LE). The numerical examples of bad output
quantities (b) and shadow prices (r) of externalities used are presented in Tables 3 and 4.

Table 5 shows that the highest adjusted profit was determined for the non-GMO observation
equal to $393.66 per ton of rice. This shows that non-GMO rice provides better performance than GMO
rice. This observation was used as the benchmark observation for the computation of the TFP and TPR
indicators. Adjusted profit, also called adjusted net income or adjusted earnings, represents the best
estimate of what that true profit is. The calculation of the AP obtained from the sum between TPR and
TPF that both in US $.

Table 6 reveals that the positive values of AP show that the investigation is more sustainable than
the benchmark observation, whereas negative values indicate that the investigation is less sustainable.
From the research results it was found that there is a difference in the AP value of US$71.89 per ton
between GMOs and non-GMO:s in stage 1, then there is a difference of US$34.45 per ton for stage 3.
The overall value of the AP differences is US$106.34. This means that GMO rice is no more sustainable
compared to non-GMO rice. This is because the GMO crops could create environmental problems and
also have a number of negative economic consequences [21]. According to Azadi and Ho [22], a major
environmental concern with respect to GMO crops is the loss of biodiversity. Also, potentially, there
are some environmental risks affecting ecosystems, agriculture, and health. Ironically, GMOs also have
the potential to increase biodiversity [23]. Non-GMO as a holistic system that aims to produce food
with minimal harm to ecosystems, animals, or humans, is the most prominent alternative farming
system and is often proposed as a solution to less sustainable agriculture. Holistic systems planning
has been central to the thinking of farmers for centuries, as they make decisions based on available
land and production resources, balance land use for crops, livestock, and meeting needs of the family
while producing additional food for sale or barter [24].

To identify the sensitivity of the model, the variation in value is calculated by increasing the
quantity of GMOs and Non-GMOs by 10%. The calculation results are presented in Tables 7-11.

Table 11. Resume of differences in the adjusted profit for GMO and non-GMO systems.

Value of AP Current GMO +10% Non GMO +10%
GMO 332.60 365.86 332.60
Non-GMO 393.66 393.66 433.02
Difference of AP Current GMO +10% Non GMO +10%
GMO —106.34 —856.62 633.30
Non-GMO 0.00 0.00 0.00

Based on the above results, it can be seen that even with an increase of 10% in the quantity of the
input and the output of GMO and Non-GMO products, the result is that non-GMO products always
give a better performance. This can be identified from the non-GMO AP value, which is always higher
than it is for GMOs. From the above calculation, it can also be seen that if the quantity of output and
input of GMO products increased by 10%, the difference generated in the AP value is US$-856.62. This
means that GMO products are not any more sustainable than non-GMO products. However, if the
increase in quantity is made to Non-GMO rice, the difference generated in the AP value is equal to
US $633.30. This means GMO products are more sustainable compared to non-GMO products. This
might be due to quantity differences (TFP component) include a lower use of biocides, i.e. pesticides,
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fungicides, and herbicides, in the non-GM chain. The main price difference (TPR component) is
associated with the price premium paid per ton of non-GM rice, which reflects consumer preference
for non-GM products. In doing sensitivity analysis we only see in terms of the number of quantity and
price used. At what number the GMO is still safe in terms of sustainability. A summary of the results
from the data processing is illustrated in Figure 2.

Difference Value of GMO and Non-GMO
800.00
600.00
400.00
200.00

0.00
220000 Current AP AP GMO AP Non-
+10% GMO GMO / Non GMO

-400.00 +10% +10%

-600.00
-800.00
-1,000.00

=0=GMO Non-GMO

Figure 2. Difference value of GMO and Non-GMO.

Hence, the maintenance of the availability of sustainable rice can be accomplished by reducing
the use of GMO seeds; the seed cost is also higher as a consequence of the expensive price. In addition,
if too many GMO products are used, then the consumption of pesticides will also get higher as the
majority of GMO products are vulnerable to pesticides. The high price of non-GMO rice also affects the
sustainability of non-GMO products, as more products are produced and the high prices of products
cause non-GMOs to become unsustainable.

4. Conclusions

The results suggest that the performance of non-GMO rice chains are better than the GMO chains.
This can be seen from the results of the Adjusted Profit that consist of TFP and TPR. It can be perceived
that from the differences in AP values, non-GMO rice is more sustainable than GMO products. The
components that can be used as study materials related to economic, social, and environmental issues
are the use of seeds, seed prices, the use of fertilizers and pesticides, and the use of fuel in the process
of production and distribution of rice.

The DEA method was used to propose a performance measurement model of sustainable agri-food
supply chains for GMOs and Non-GMOs. Numerical analysis showed that the model could be used to
determine Adjusted Profit (AP) with Total Price Recovery (TPR) indicators and Total Factor Productivity
(TFP). The research results found that performances of non-GMO rice chains are better than GMO rice,
which means non-GMO rice is more sustainable.

Therefore, in order to maintain the sustainability of GMO and non-GMO products, consideration
should be given to the use of such components in the supply chain process of GMO and non-GMO
products. In the future, it is expected that this research will continue to inform the policies regarding
GMO product usage compared to non-GMO products in Indonesia, in order to maintain food
sustainability in Indonesia.
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