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ABSTRACT

Background: Demand for beef is predicted to be risen by 74%, followed by the explosion of the global
population by 9.7 billion in 2050. Australia as the most significant exporter of beef, together with America as the
leading market, contribute vital roles. The increase in demand causes environmental impacts such as water
scarcity. Methods: This study used a systematic literature review method to collect and disseminate relevant
evidence from scientific sources related to air consumption in the beef and plant-based product supply chain.
The process involved five main steps: problem formulation, data collection, data evaluation, evidence deduction,
and interpretation of results. Findings: Based on the life cycle perspective, a kilogram of meat consumption
from beef exported to America is 441.8-597.6 liters. The consumption includes processes such as nursery,
fattening, cutting, transportation to Australian port, departure to America, and distribution within
America. Conclusion: For instance, industrialization will reduce the water consumption, however, causes other
environmental impacts. Therefore, dietary changes to vegetarianism combined with organic system becomes
the best solution offered. Novelty/Originality of This Study: The novelty of this study lies in the life cycle
analysis of water consumption in Australian beef exports to the US and highlights the trade-off between
industrial efficiency and environmental sustainability while proposing dietary changes as a potential mitigation
strategy.
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1. Introduction

Sustainable development demands the fulfilment of existing generation needs without
diminishing its capabilities for future generations. The principle of sustainable development
is the integration of economic, social, and environmental pillars. This combination
distinguishes decision-making in the context of sustainable development towards the
decision-making in other policies (Emas, 2015). Sustainable development context set out in
17 key objectives (UN, 2015), including the goals of "Sustainable Consumption and
Production" covering agricultural sector.

Agriculture is a field of utilizations of animal, plants and other forms of life for the
production of food, fiber, raw materials, medicines, and other purposes, including
aquaculture and forest management (SDSN, 2013). In other words, agriculture involves the
use of life forms to meet human needs, including the utilization of the livestock. Beef
becomes one of the leading commodities with the highest water consumption level (da Silva
etal. 2016).
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World beef demand predicted to have a significant increase by 74% in 2050 (FAO,
2009). This phenomenon unseparated from the prediction of the United Nations
Department of Economic and Social Affairs (UN, DESA) related to the world population
reached 9.7 billion people in the same year. Improvement must be spread across the world
with a concentration in some major countries. Australia and America are major contributors
to this problem. After Brazil, Australia became the largest exporter of beef in the world (FAO,
2011a). Meanwhile, America became one of the main markets of meat (DFAT, 2012) with
beef consumption of 25.6 kg/capita/year, the fourth highest after Uruguay, Argentina, and
Brazil (OECD, 2016).

Today, food production responds to basic needs, social, cultural and even aesthetic
needs and desires. However, with the need to feed seven billion people, this food production
is accompanied by enormous environmental costs (Garnett, 2011; Tilman et al., 2001). The
fulfilment of the livestock sector needs in general including the procurement process,
processing up to distribution until. Procurement related to the livestock industry, ranging
from breeding to fattening. Processing associated with the conversion process into meat
that are ready to be distributed, either to retail or restaurants. This process is referred as
the beef supply chain illustrated in Figure 1 (Wiedemann et al.,, 2015b).

Intermediate goods

Y

Livestock industry

processing
Retail
A 4
Consumer | Distribution
| Restaurant
(Food processing)

Fig. 2. Supply chain of beef
(Wiedemann et al., 2015b)

The high demand for beef due to population explosion is against the target of
environmental development. Global goals for reducing greenhouse gas (GHG) emissions and
addressing resource scarcity such as water and fertile land are difficult to achieve without a
thorough evaluation and change of the current system. For the production of one kilogram
of beef exported by Australians to distributors in the United States alone requires 441.8-
597.6 liters of water consumption, 28.1-46.4 M] of fossil energy consumption, agricultural
land-cultivation of 2.5-29.9 m2. The conversion efficiency of consumable proteins of 7.9-
0.3 and GHG emissions reached 27.2 kg CO2-e (Wiedemann et al., 2015b). If there is no
change in the way we produce and consume food, and given the need to increase food
production by more than 60% by 2050 (FAO, 2006, 2015), the environmental impacts
associated with food production systems will become even more severe and will
increasingly exceed the limit.

The life cycle approach involves a cradle-to-grave assessment, in which the product
followed from the production stage associated with the raw material until its final use (Von
Blottnitz & Curran 2007). A system of life cycle can be started by extracting raw materials
from the ground and generating energy. Materials and energy then become part of
manufacturing, transportation, use, and ultimately recycling, reuse, or disposal. In the
context of this standard, the term life cycle refers to successive and interrelated stages of a
product system from the acquisition of raw materials to final disposal of life. The life cycle
perspective means we recognize how our choices influence what happens at each of these
points so that we can balance the trade-offs and have a positive impact on the economy,
environment, and society. Life cycle studies become the method that used to generate data
that reflect these ecological footprints. This research laid the foundation for the supply chain

JIPAGIL. 2025, VOLUME 2, ISSUE 1 https://doi.org/10.61511 /jipagi.v2i1.1774


https://doi.org/10.61511/jipagi.v2i1.1774

Johannes & Akbar (2025) 21

of beef within limits set. Identification is done concerning methods that experience specific
environmental implications in the supply chain described in Figure 1.

This research focuses on the impact of water consumption because the water scarcity
is spreading the world (Mekonnen & Hoekstra 2016). Agriculture which contributes 70% of
world water consumption is one of the factors that causing the water scarcity (UN Water,
2014). Meanwhile, water has become the core of sustainable development (UN Water,
2015). With American beef consumption of 25.6 kg/capita/year and population of
324,304,407 people by the end of 2016, annual use of Americans reaches 8 billion kg of beef.
Consumption of this size requires the availability of water resources reached 3.6-4.9 trillion
liters. Industrialization of the livestock sector can reduce the water consumption. However,
it raises new issues, such as increased greenhouse gas emissions (Gerbens-Leenes et al.,
2013). The availability of water in quality, quantity, and continuity should ideally guarantee
social justice, economic growth, and environmental protection efforts. Water as the primary
necessity of living things needs to be managed with a long-term perspective concerning
limitations and practices of unsustainable water use.

For that purpose, this research will analyze the impact of water consumption generated
in the study of life cycle of beef exported from Australia to America. The analysis will be
accompanied by a solution proposal to help solve the water scarcity problem, especially in
the livestock sector. Solutions are proposed not only within the framework of production,
but also consumption (Hoekstra, 2012). The level of water consumption can be reduced by
limiting the consumption of animal products (Jalava et al., 2014).

2. Methods

The methods used is Study literature and review of several journals related to the case.
Meanwhile, the collected data consisted of the impact of water consumption in functional
units of one kilogram of beef exported by Australia to retail in America as well as data related
to organic commodities and dietary changes in its contribution to the level of water
consumption. Before the methods and the described data, the following description and
constraints of meat supply chain need to be understood.

The livestock industry is one of Australia's main export commodities. All industrial
activities of beef account for the gross production of $11 billion in 2014-2015 (ACCC, 2016).
The high production of gross value is directly proportional to the large population of
Australian cattle. An Angus or Wagyu cattle breed is a type of cattle whose meat is usually
ordered by an American restaurant (Wiedemann et al., 2015b).

In meat supply chain, the breeding process becomes part of the livestock industry up to
the fattening process. According to Oldenbroek & Waaij (2014), animal breeding involves
selective breeding of domestic animals to improving desirable qualities and inheriting the
next generation. One of the breeds of cattle grown in Austalia is Brahman Cross (BX) cattle
(Zhang et al,, 2014). Cattle that have been fattened and ready to cut then goes to the next
stage of the semi-finished processing stage. In this process, livestock butchering to the
carcass process was done. After that, beefis packaged and distributed until it goes into retail.
Retail is a fast and important industrial part that employs residents and contributes
significantly to the health and wealth of developed countries (Fernie et al., 2013). The
Australian Meat Standard (MSA) is an asset to the Australian beef industry to provide a
feasibility assessment on the resulting carcass (MLA, 2013).

2.1 Methods

The method for achieving research objectives is literature study. This method is done
through theoretical studies on sources with high scientific level, such as Scopus indexed
journals, other supporting journals, books and institutional reports that have been
published. To carry out the literature study method, a systematic study was conducted. A
systematic review is to gather relevant evidence according to eligibility criteria to respond
to specific research objectives (Moher et al., 2015). As illustrated in Figure 2, this study
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covers five main steps: problem formulation, data collection, data evaluation, evidence
deduction to an interpretation of results (Khan et al., 2003).

2.2 Data

The impact of water consumption is a major concern in this research. The consumption
of water in the supply chain of one kilogram of meat is 441.8-597.6 liters (Wiedemann et
al, 2015b). This interval is water consumption for beef and lamb. In research, water
consumption focuses on beef. Based on the supply chain flow, cattle are divided into two
types, namely conventional cattle and modern cattle. Conventional cattle consume only
grass, while modern cattle consume grass and concentrate, both for medium-term (115
days) and for an extended period (330 days).

Probl'em N Datz% N Data' N Suman21ng Interp.retmg
framing collecting evaluation evidence findings

Fig. 2. Main steps of systematic review
(Khan etal., 2003)

The results of the impact assessment of beef water consumption can be seen in Table
1. These results describe the consumption of water in the process of drinking, irrigation,

processing into beef, and other minor processes.

Table 1. Water consumption of beef

Processes Water consumption (liter)
Conventional beef = Modern beef (medium) Modern beef (long)

Other minor processes 11.2 19.5 28.9

Meat processing 10.1 10.1 10.1

Irrigation losses 15.1 42.2 25.4

Irrigation 63.4 165.8 97.8

Drinking losses 2721 217.1 163.7

Drinking 168.6 142.9 115.9

Total 540.5 597.6 441.8

(Wiedemann et al., 2015b)

Past research only examines the distribution of beef to retail in America (Wiedemann
et al,, 2015a, 2015b, 2017). That is, the environmental impact, such as the consumption of
water produced from the processing of semi-finished meat into food has not been included.
For that, there is a requirement for further data that relates to the impact of water
consumption on beef-based food products such as dairy products and burgers (Ercin et al.,
2012).

As a basis for achieving sustainable development objectives and reduction of water
scarcity risk (Owusu-Sekyere et al., 2017), water consumption calculations are carried out
with water footprint studies, as applicable to the livestock sector (Badruzzaman et al,
2017). This study calculates not only the amount of water consumed but also the amount of
polluted water (Hoekstra et al., 2011). Apparently, the use of organic systems can reduce
water consumption due to evaporation from soil, and the amount of polluted water
decreased (Ercin et al., 2012). This system is evident from the water footprint of food
products in the form of soy milk (1-liter functional unit) and soy burgers (150-gram
functional unit).
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Soy bean Other ingredients Packaging materials

v : Supply-

Canada, China Sugar, Vanilla, Gum, Salt Cardboard, PE chain WF
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WF milk

Fig. 3. Supply chain diagram of soy milk
(Ercin etal,, 2012)

Stages of soy milk production and soy burgers are illustrated successively in Figure 3
and Figure 4. Most of the water footprint of this product contributed by the soybean farming

process. The application of the organic system in soybean farm can reduce water pollution
by 98%.

Soy bean Other ingredients Packaging materials Supply-
Canada, France Maize, soy milk Cardboard, PE chain WF
(non-organic) powder, soy isolate etc.

150 g of soy

Base milk preparation oy burger prod 0 — Packaging

burgers

Operational WF

Fig. 4. Supply chain diagram of soy burger
(Ercin et al., 2012)

In addition to the organic system, reduction of the water footprint is also made
efficiently with dietary changes. The use of vegetable base ingredients, such as soy (in dairy
products and burgers) can reduce drastic water consumption. Can be seen in Table 2. The
change of diet to vegetarian also proven to reduce the water consumption of agriculture
especially in european countries (Vanham et al., 2013). A water footprint study is being used
because it can evaluate the use of water in the production of some agricultural commodities
on a global, regional, national or local scale (Shrestha et al., 2013). Water consumption is
calculated by water footprint studies at consumption levels for European countries grouped
into the West (such as Germany), North (such as Ireland), South (such as Portugal) and the
East (such as Poland) with LCD units (liter per capita per day). Water consumption of
agricultural products compared between non-diet and dietary conditions. Comparative
examples can be seen in table 3 which contains a comparison of conditions without diet and
dietary conditions in all four zones.
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3. Results and Discussion
3.1 The explosion of water consumption

Water consumption to produce ready-to-sell beef at American retail is 441.8 - 597.6
liters. This consumption range is limited to the production process cycle, i.e. from livestock
up to beef (Wiedemann et al., 2015b). In other words, water consumption only calculated
for operational activities. Therefore, the calculation data has not adequately reflected the
actual water consumption based on the concept of the water footprint.

Table 2. Reduction of total water consumption of soy milk and soy burger

Product Soy milk Cow milk Soy burger Beef burger
Functional unit 1 liter 1 liter 150 gram 150 gram
Water footprint 297 liter 1.050 liter 158 liter 2,350 liter
Reduction 753 liter (71.7%) 2,192 liter (93.3%)

(Ercin etal, 2012)

The water footprint is a derivative of the ecological footprint concept. Both are
complementary in the issue of sustainable development (Hoekstra, 2009). For example, the
effect of food consumption contributes significantly to both the ecological footprint and the
water footprint. What distinguishes is the scope of the study. Ecological footprints look at
the whole process, including aspects of energy use that later correlated with carbon
emissions. Meanwhile, water footprints only focus on the water aspect of the food life cycle.
Water footprint studies not just concentrate on operational elements but also elements of
the supply chain. That is, in the context of the livestock sector, the calculation of water
consumption not only in the operational production of beef but also the supply chain of
other materials used. For example, feed that also consumes water in the production process.
Besides, the calculation of water consumption in water footprint studies is even more
profound because it includes three types of water footprint such as green water footprint,
blue water footprint and grey water footprint (Hoekstra et al., 2011).

Table 3. Compared water footprint of non-vegetarian diet and vegetarian diet

Zones of Europe West North South East
Water footprint of non-vegetarian diet (lcd) 3,761 3,197 5,875 4,053
Water footprint of vegetarian diet (lcd) 2,208 2,166 3,476 2,956
Reduction 41% 32% 41% 27%

(Vanham etal., 2013)

With water footprint studies, the consumption of water in the production of the
livestock sector exploded in quantity. The average footprint of world beef reaches 15,415
liters/kg or equivalent to 4,056.6 gallons (Mekonnen & Hoekstra, 2010, 2012). This figure
will peak when beef products processed into food products such as burgers and milk.
Processing requires a process that can not separate from water consumption, such as
industrial processes or processing food products in restaurants. For example, for the
production of a standard beef burger (Tory, 2014) it takes one piece of beef (660 gallons),
one slice of cheese (40 gallons), two pieces of tomato (1 gallon), one piece of lettuce (0.19
gallon) cut into bread (22 gallons). If totalled, the consumption reached 723.19 gallons
(equivalent to 2,748.122 liters). The explosion of water consumption of livestock products
requires a study not only on the production level but also the consumption level (Hoekstra,
2012). A radical change needs to be done to avoid the threat of water scarcity.
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3.2 Livestock industrialization

Industrialization is mostly a process of transferring traditional production systems into
industrial systems. Livestock sector production systems include grass, mixed and industrial
systems. The grass system is a livestock system that releases livestock, in this case, cattle,
on certain grasslands to live and grow. The industrial system is a system of cattle growth
unnaturally, for example through fattening. Cattle are treated with certain conditions and
fed with a particular mixture so that cattle grow and produce faster. Meanwhile, mixed
systems are a combination of grass systems and industrial systems.

25000
WFs beef
20000 + -
15000 - — -
=]
=
10000 - u Grey WF
5000 - m Blue WF
m Green WF
0 -
2lg|=|2|8|=|3|8|2|g|¢®
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Fig. 5. Water footprint comparison of livestock production system
(Gerbens-Leenes et al., 2013)

Apparently, the water footprint of beef products can be reduced by the industrialization
of farms (Gerbens-Leenes etal., 2013) as shown in Figure 5. The reduction of water footprint
from the grass system to the industrial system occurs consistently in the four countries
studied, namely Brazil, China, the Netherlands and America. The most noticeable decline
happened in Brazil and America, which became the leading actor of world beef consumption.
Similar studies conducted in China, India, Netherlands, and America also showed similar
results (Mekonnen & Hoekstra, 2012), as shown in Table 4. In total, the average water
footprint decreased as changes to industrial systems.

Table 4. Average water footprint several beef production system

Product Soy milk Cow milk Soy burger Beef burger
Functional unit 1 liter 1 liter 150 gram 150 gram
Water footprint 297 liter 1.050 liter 158 liter 2,350 liter
Reduction 753 liter (71.7%) 2,192 liter (93.3%)

(Mekonnen & Hoekstra., 2012)

Behind the advantages of the industrialization process, this solution certainly has the
potential to cause new problems of land conversion and excess GHG emissions.
Industrialization often sacrifices green land for the sake of the economy. GHG emissions are
also potentially increase due to machines that assist production, such as cattle milk
machines, grass enumerators, and feed mill machines. Based on Table 4, changes from the
grass system to the industrial system do lower the total water footprint, but increase the
grey water footprint value. That is, there are indications of the excessive use of chemicals in
industrial systems that would otherwise have other negative effects. The increase also seen
in Figure 5 for the Chinese. For that, this solution is less effective because it raises new
environmental problems.
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3.3 Combination of organic system and diet change

The decrease of water consumption through the organic system is mostly due to the
decrease in the grey water footprint. This is because of organic systems, especially those
that have officially been certified, do not use hazardous chemicals, so they do not require
much water to neutralise the chemicals produced. This system can also be applied to the
cattle breeding sector. Applications include treatment at one-third birth, outdoor access,
organically certified land, 100% organic animal feed to antibiotic ban (USDA, 2013).
However, the application of organic systems will be more effective when combined with
dietary changes.

The vegetarian diet shifts the water consumption from the livestock sector to the
agricultural sector. This diversion has been shown to reduce water footprint, as applied to
soy burgers and soy milk products (Ercin et al., 2012). In fact, the decrease of water footprint
on burger products reached 93.3%. This shows that water consumption in the agricultural
sector is much lower than the livestock sector.

Changes in the vegetarian diet proved successful in reducing water footprint in parts of
the world. In Europe, the vegetarian diet reduced the water footprint by 27-41% (Vanham
et al,, 2013). Meanwhile, with four scenarios of animal protein consumption ratio of 50%,
25%, 12.5% and 0%, obtained a decrease of green water footprint by 6%, 11%, 15%, and
21%, respectively, and a decrease of blue water footprint by 4%, 6%, 9%, and 14%
respectively (Jalava et al, 2014). That is, the decline in the ratio of animal protein
consumption causes a significant decrease in water consumption. In Latin America, Europe,
Central Asia, East Asia and Sub-Saharan Africa, dietary changes lead to a decrease in green
water footprint. In North America, Australia, and Oceania, dietary changes lead to a decrease
in green and blue water footprints. Meanwhile, in South Asia and Southeast Asia, dietary
changes do not have a significant impact on the decrease in water consumption. The
combination of dietary changes and organic systems has become an alternative solution for
sustainable livestock sectors, particularly to help mitigate the impact of the world's
perceived water scarcity.

America and Australia as the two main actors of the global livestock sector need to
conduct an assessment of this alternative immediately. Moreover, both countries have the
potential to reduce the water footprint generated from the livestock sector, mainly through
dietary changes. Their position as the livestock sector giant increases the urgency of this
study. Radical change will contribute significantly to sustainable development missions.

3.4 Industrialization: A double-edged knife

Solving water consumption problems in the livestock sector through industrialization
requires essential consideration. Sustainable solutions from an environmental issue should
not cause new environmental issues. Changes in the production system from the grass
system to the industrial system succeeded in decreasing the level of water consumption
(Gerbens-Leenes et al, 2013; Mekonnen & Hoekstra, 2012). On the other hand,
industrialization also causes environmental impacts such as land conversion, energy
consumption from industrial processes, decreased beef product quality to the threat of
cattle welfare.

The opening of the livestock industry indeed requires a new land allocation. Increased
demand due to population explosion encourages the fulfilment of needs with the orientation
of the result. Industrialization becomes an instant way of solving this problem. As a result,
the industrial development also ignores the importance of green land as part of the
continuity of the ecosystem. Green land that diverted into livestock industry, without proper
management, creates environmental impacts such as the emergence of methane from cattle
ranch.

Industrial processes also contribute relatively higher energy consumption.
Industrialization aims to achieve great results with a more effective and efficient process.
Thus, the orientation in the development of the livestock industry tends to be pragmatic so
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only focus on the final result. With the available resources, the results are demanded
maximally, both in quantity and production time. For that, in the process of industry, there
is a sacrifice of resources to achieve maximum results. These sacrifices are in the form of
emissions produced. The emissions mainly produced from machines that often used in the
modern livestock industry, according to the supply chain of beef products production. Beef
products in question are cut meat from cattle and milk derived from dairy. Commonly used
machines include chopper machines, mixers for concentrate feed, generators as backup
power supplies, restraining boxes, milking machines and cattle cargo trucks. All of these
machines require energy, both in the form of electricity and fuel with a certain level of
consumption. This machine is not found on the grass system (grazing). Feeding machines
and feed mixers are not necessary because cattle freely removed for food. The backup power
supply from the generator is also not required. Transportation is usually done manually by
breeders or using horses as shepherds. The only energy consumption is only on electric
fence applications. The fence is used to ensure the cattle does not come out of the specified
cage area. Thus, industrialization leads to higher energy consumption and emission output.

Industrial cattle products also lost in quality. The use of concentrate as a diet in modern
times has caused various health effects, both for cattle and humans as consumers. Most
concentrates consist of a mixture of some chemicals that cause abnormalities of cattle
metabolism (Schroeder, 2017). In addition to concentrates, injections given to cattle also
contribute. The use of recombinant bovine somatotropin and oxytocin as injections is still
frequent despite prohibition (Ilyas, 2015).

Finally, the current practice of the cattle industry often lowers the welfare of cattle. One
of the most common practices in the process of slaughtering cattle through torture. Cattle
also involved in industrial processes also experience an unfair fattening. Cattle are required
to grow faster (1.5-2 years) than the natural growth period (2.5 years). Peak, they will
experience various health problems, such as acidosis. Acidosis is a disturbance in the form
of a decrease in pH in the digestive system of farm animals (RAGFAR, 2007). The pH levels
in question range from 5.5 to 5.0 (Krause & Oetzel, 2006). Acidosis is mainly due to excessive
consumption of carbohydrate-containing feed. This disorder has some distressing clinical
symptoms and consequences, such as laminitis (inflammation of the skin layer), depression,
changes in faecal content, high extinction rates to rumenitis and swelling of the liver (Tajik
& Nazifi, 2011). Overall, industrialization is like a double-edged knife, on the one hand
contributing to the water scarcity problem, but on the other side generating a variety of new
environmental impacts.

3.5 Dietary behaviour intervention

Culturally, diet, consciously or unconsciously, influences human decisions in choosing
foods that enter their bodies. Patterns that often appear as a culture in the context of beef
consumption are social prestige and suggestion during the meal process. Beef consumption
for some communities has its social prestige (Bogueva et al., 2017). Beef becomes a luxury
that may only be consumed by the middle to upper class. This view is also due to the classy
processing of the chefs in the fancy restaurants. Processing also supported by the location
and situation of a cosy restaurant that makes processed beef deserve high appreciation.
These preparations have a prestige value that far exceeds agricultural products. In fact, both
have similar nutritional content. Moreover, the proteins that people need can be obtained
from both animal and vegetable. Conditioning as a classy process makes animal products far
superior to vegetable products.

Besides, the decision on the selection of foods that enter the body also influenced by the
suggestion generated by the human mind. The term "hungry eyes" became popular today
that is often referred to as the cause of excessive consumption. This condition is due to the
suggestion that comes to mind. For example, the people of Indonesia who make rice as staple
food. It is common that Indonesian people often feel that they have not eaten unless they eat
rice. This suggestion ignores the fact that carbohydrate content can also be obtained from
other food sources besides rice, such as cassava, potatoes and maize. Whether we realise it
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or not, this suggestion also encourages increased consumption of beef. Meat considered as
compulsory food containing energy to support daily needs. In fact, energy can also obtain
from a variety of other foods.

3.6 Dietary behaviour intervention

Culturally, diet, consciously or unconsciously, influences human decisions in choosing
foods that enter their bodies. Patterns that often appear as a culture in the context of beef
consumption are social prestige and suggestion during the meal process. Beef consumption
for some communities has its social prestige (Bogueva et al., 2017). Beef becomes a luxury
that may only be consumed by the middle to upper class. This view is also due to the classy
processing of the chefs in the fancy restaurants. Processing also supported by the location
and situation of a cosy restaurant that makes processed beef deserve high appreciation.
These preparations have a prestige value that far exceeds agricultural products. In fact, both
have similar nutritional content. Moreover, the proteins that people need can be obtained
from both animal and vegetable. Conditioning as a classy process makes animal products far
superior to vegetable products.

Besides, the decision on the selection of foods that enter the body also influenced by the
suggestion generated by the human mind. The term "hungry eyes" became popular today
that is often referred to as the cause of excessive consumption. This condition is due to the
suggestion that comes to mind. For example, the people of Indonesia who make rice as staple
food. It is common that Indonesian people often feel that they have not eaten unless they eat
rice. This suggestion ignores the fact that carbohydrate content can also be obtained from
other food sources besides rice, such as cassava, potatoes and maize. Whether we realise it
or not, this suggestion also encourages increased consumption of beef. Meat considered as
compulsory food containing energy to support daily needs. In fact, energy can also obtain
from a variety of other foods.

3.7 Adaptation of organic system and diet change

Organic systems and dietary changes are predicted to reduce the level of water
consumption for the livestock sector. Until now the use of organic systems is still rare. Some
organic systems that can be applied in the field of animal husbandry are the use of organic
fertiliser in animal feed crops, the use of herbal based medicines for livestock and animal
agriculture and the use of environmentally friendly facilities during the production process.

The use of organic fertiliser in animal feed plants is one form of efforts to implement
the organic farming system. Application of organic farming system aims to replace chemical-
based fertilisers containing toxic substances such as Hg (Tang et al., 2018). In addition to
lowering the soil fertility rate, the use of high-dose chemical fertilisers can affect decreasing
the level of biodiversity in the environment and increase the disturbance of weeds, pests
and other diseases. Agricultural management with chemicals can have a negative impact,
such as pollution of agricultural products by these chemicals, thus implicating health
problems (Nasrabadi et al.,, 2017; Mantorova, 2017; Tang et al., 2018). There is a significant
difference between the use of organic fertilisers and inorganic fertilisers (Afrida etal., 2015).
It is seen in the production. The organic farming paradigm also becomes part of the
intensification of sustainable agricultural production that produces products that reduce
negative environmental impacts as well as restore the ecosystem nature (FAO, 2011b). Ease
of gain and effectiveness in the process leads to the use of inorganic fertilisers still a choice
of many farmers than organic fertilisers.

In addition to the use of organic fertiliser in animal feed crops, the attempt to apply the
organic system is to utilise traditional medicines for livestock. Like humans, livestock also
needs vitamins and medicines when needed. The drugs available on the market are divided
into traditional medicine and chemical drugs. The use of appropriate traditional medicine
provides a more effective and more efficient effect (WHO, 2013). In addition to impacting
the increase in grey water footprint, the use of chemical drugs also raises the resistance of
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livestock to the given drug, if in its giving is done continuously. In addition to medication for
livestock diseases, there is also the use of drugs for farm management needs, one of which
is insect repellent or pest remedies. The usual insects on the farm are flies. Flies can suck
blood either farm animals or cage workers and will carry various diseases. The insects that
usually attack the farm are flies. Flies can suck blood either farm animals or cage workers
and will carry multiple diseases. These insects can disrupt the health of livestock and will
eventually disrupt the production of livestock. It can even lead to the death of livestock and
cause losses to farms.Musca domestica or home fly is a pest found in many homes and farms
that considered as a barrier to activity and disease carriers (Arroyo, 2011). Reducing the
number of insects or pests in farms can be overcome by regular cleansing of the cage and if
necessary using drugs then do not use chemical drugs but with herbal medicines that are
environmentally friendly.

The embodiment of environmentally friendly organic agriculture is a difficult challenge
because it has become a structured habit in the social relations of society (Dhar et al., 2018).
All concepts for creating organic systems must be done gradually and require a process.
Besides, it must be done sustainably. To reach the sustainable agriculture with a lot of people
and small land is very difficult, but that does not mean still maintain the concept of chemical
agriculture. Therefore, it is necessary for agricultural activities that combine the two
systems, namely through the use of controlled inorganic materials along with the utilization
of organic materials. In addition to applying organic systems in all production activities,
another thing that can be done to reduce the amount of water consumption is to change the
human diet. Changes in the diet are meant to increase the amount of consumption of
agricultural products (vegetarian). The hope is to reduce the grey water footprint.

4. Conclusions

Based on the steps taken in a systematical review, it was found that the consumption of
water for one kilogram of beef exported to American distributors was 441.8-597.6 liters or
equal to 116.3-157.3 gallons with the majority of consumption to livestock. This figure even
exploded when the calculation of water consumption using water footprint studies. The
average water footprint of processed cattle products, namely burgers in the standard size
reached 15,415 liters/kg or equivalent to 4056.6 gallons. Livestock industrialization
solutions are proven to reduce water footprint but have environmental impacts such as land
conversion and excessive emissions from industrial processes. Meanwhile, organic systems
are also able to lower the water footprint better if it integrated with changes in consumption
patterns toward vegetarianism. The change of consumption from animal products to
vegetable products has been shown to decrease water footprint, especially in the countries
like America, Australia, Oceania, Europe and parts of Asia and Africa. These changes need to
adapt to the people's culture who give the impression of prestige and suggestion when the
consumption of processed meat products cattle. Adaptation is also necessary to change the
diet consistently. Thus, the solutions offered can result in reducing the water consumption,
especially in the livestock sector as the leading actor in agriculture.

Acknowledgement

The authors extend gratitude for the valuable insights, constructive feedback, and support
provided throughout this research. Appreciation is also given for assistance in language
editing, proofreading, and manuscript preparation, which significantly contributed to
enhancing the quality of this work. Sincere thanks are expressed for the resources and
knowledge that formed the foundation of this study.

Author Contribution
Conceptualization, H.P.J. and M.R.A.; Methodology, H.P.].; Formal Analysis, H.P.]. and M.R.A;
Investigation, M.R.A.; Resources, M.R.A.; Writing - Original Draft Preparation, H.P.].

JIPAGIL. 2025, VOLUME 2, ISSUE 1 https://doi.org/10.61511 /jipagi.v2i1.1774


https://doi.org/10.61511/jipagi.v2i1.1774

Johannes & Akbar (2025) 30

Funding
This research received no external funding.

Ethical Review Board Statement
Not available.

Informed Consent Statement
Not available.

Data Availability Statement
Not available.

Conflicts of Interest
The authors declare no conflict of interest.

Open Access

©2025. The author(s). This article is licensed under a Creative Commons Attribution 4.0
International License, which permits use, sharing, adaptation, distribution and reproduction
in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons license, and indicate if changes were
made. The images or other third-party material in this article are included in the article’s
Creative Commons license, unless indicated otherwise in a credit line to the material. If
material is not included in the article’s Creative Commons license and your intended use is
not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this license, visit:
http://creativecommons.org/licenses/by/4.0/

References

ACCC (Australian Competition & Consumer Commission). (2016). Cattle and Cattle Market
Study—Interim Report. ACCC. https: //www.accc.gov.au/about-us/publications/cattle-
and-beef-market-study-interim-report

Afrida, E., Rauf, A, Hanum, H., & Harnnowo, D. (2015). Residual effect of organic fertilizer
and addition inorganic fertilizer to nutrient uptake, growth and productions of black
soybean (Glycine max L. Merr) at rainfed areas. International Journal of Scientific &
Technology Research, 4(2), 182-190. https://www.ijstr.org/final-

rint/feb2015 /Residual-Effect-Of-Organic-Fertilizer-And-Addition-Inorganik-

Fertilizer-To-Nutrient-Uptake-Growth-And-Productions-Of-Black-Soy-Bean-Glycine-
Max-L-Merr-At-Rainfed-Areas.pdf

Arroyo, H. S. (2011). House fly, Musca domestica Linnaeus. Entomology and Nematology
Department of University of Florida. https://edis.ifas.ufl.edu/publication/IN205

Badruzzaman, M., Hess, T., Smith, H., Upson, S., & Jacangelo, J. G. (2017). Value propositions
of the water footprint concept for sustainable water utilities. Journal - American Water
Works Association, 109(9), E393-E408.
https://doi.org/10.5942 /jawwa.2017.109.0100

Bogueva, D., Marinova, D., & Raphaely, T. (2017). Reducing meat consumption: The case for
social marketing. Asia Pacific Journal of Marketing and Logistics, 29(3), 477-500.
https://doi.org/10.1108/AP]ML-08-2016-0139

Da Silva, V. P. R, de Oliveira, S. D., Hoekstra, A. Y., Neto, ]. D.,, Campos, ]. H. B. C., Braga, C. C,,
de Aratjo, L. E., de Oliveira Aleixo, D., de Brito, ]. I. B., de Souza, M. D., & de Holanda, R.
M. (2016). Water footprint and virtual water trade of Brazil. Water, 8(11), 517-528.
https://doi.org/10.3390/w8110517

Dhar, A. R, Islam, M. M., Jannat, A, & Ahmed, ]. U. (2018). Adoption prospects and
implication problems of practising conservation agriculture in Bangladesh: A

JIPAGIL. 2025, VOLUME 2, ISSUE 1 https://doi.org/10.61511 /jipagi.v2i1.1774


https://doi.org/10.61511/jipagi.v2i1.1774
http://creativecommons.org/licenses/by/4.0/
https://www.accc.gov.au/about-us/publications/cattle-and-beef-market-study-interim-report
https://www.accc.gov.au/about-us/publications/cattle-and-beef-market-study-interim-report
https://www.ijstr.org/final-print/feb2015/Residual-Effect-Of-Organic-Fertilizer-And-Addition-Inorganik-Fertilizer-To-Nutrient-Uptake-Growth-And-Productions-Of-Black-Soy-Bean-Glycine-Max-L-Merr-At-Rainfed-Areas.pdf
https://www.ijstr.org/final-print/feb2015/Residual-Effect-Of-Organic-Fertilizer-And-Addition-Inorganik-Fertilizer-To-Nutrient-Uptake-Growth-And-Productions-Of-Black-Soy-Bean-Glycine-Max-L-Merr-At-Rainfed-Areas.pdf
https://www.ijstr.org/final-print/feb2015/Residual-Effect-Of-Organic-Fertilizer-And-Addition-Inorganik-Fertilizer-To-Nutrient-Uptake-Growth-And-Productions-Of-Black-Soy-Bean-Glycine-Max-L-Merr-At-Rainfed-Areas.pdf
https://www.ijstr.org/final-print/feb2015/Residual-Effect-Of-Organic-Fertilizer-And-Addition-Inorganik-Fertilizer-To-Nutrient-Uptake-Growth-And-Productions-Of-Black-Soy-Bean-Glycine-Max-L-Merr-At-Rainfed-Areas.pdf
https://edis.ifas.ufl.edu/publication/IN205
https://doi.org/10.5942/jawwa.2017.109.0100
https://doi.org/10.1108/APJML-08-2016-0139
https://doi.org/10.3390/w8110517

Johannes & Akbar (2025) 31

socioeconomic  diagnosis. Soil and Tillage Research, 14(1), 77-84.
https://doi.org/10.1016/j.still.2017.11.003

Tang, Z., Fan, F., Wang, X,, Shi, X, Deng, S., & Wang, D. (2018). Mercury in rice (Oryza sativa
L) and rice-paddy soils under long-term fertilizer and organic amendment.
Ecotoxicology and Environmental Safety, 150, 116-122.
https://doi.org/10.1016/j.ecoenv.2017.12.021

DFAT (Department of Foreign Affairs and Trade) (2012) Australia’s Trade with the Americas.

DFAT.
Emas, R. (2015). The concept of sustainable development: definition and defining
principles. Brief for GSDR, 2015, 10-13140.

https://sdgs.un.org/sites/default/files/documents/5839GSDR%202015 SD concept
definiton rev.pdf
Ercin, A. E., Aldaya, M. M., & Hoekstra, A. Y. (2012). The water footprint of soy milk and soy
burger and equivalent animal products. Ecological Indicators, 18, 392-402.
https://doi.org/10.1016/j.ecolind.2011.12.009

FAO. (2006). World agriculture, towards 2030/2050. FAO.
http://www.fao.org/fileadmin/user upload/esag/docs/Interim report AT2050web.
pdf

FAO. (2009). How to Feed the World in 2050. FAO.
https://www.fao.org/fileadmin/templates /wsfs/docs/expert paper/How to Feed t
he World in 2050.pdf

FAO. (2011a). Countries by commodity. FAO.
http://www.fao.org/faostat/en/#rankings/countries by commodity exports

FAO. (2011b). Save and Grow. FAO. https://www.fao.org/4/i2215e/i2215e.pdf

FAO. (2015). The State of Food Insecurity in the World 2015: Meeting the 2015 international
hunger targets: taking stock of uneven progress. FAO.
https://openknowledge.fao.org/server/api/core/bitstreams/63863832-4cb5-4e05-
9040-4b22d9a92324 /content

Fernie, S., Fernie, J., Moore, C. (2013) Principles of Retailing. Edinburgh Business Schoo],
Heriot-Watt University. https://doi.org/10.4324 /9781315762432

Garnett, T. (2011). Where are the best opportunities for reducing greenhouse gas emissions
in the food system (including the food chain)? Food Policy, 36, 23-32.
https://doi.org/10.1016/j.foodpol.2010.10.010

Gerbens-Leenes, P. W,, Mekonnen, M. M., & Hoekstra, A. Y. (2013). The water footprint of
poultry, pork, and cattle: A comparative study in different countries and production
systems. Water Resources & Industry, 1(2), 25-36.
https://doi.org/10.1016/j.wri.2013.03.001

Hoekstra, A. Y. (2009). Human appropriation of natural capital: A comparison of ecological
footprint and water footprint analysis. Ecological Economics, 68(7), 1963-1974.
https://doi.org/10.1016/j.ecolecon.2008.06.021

Mekonnen, M. M., & Hoekstra, A. Y. (2010). A global and high-resolution assessment of the
green, blue and grey water footprint of wheat. Hydrology and earth system
sciences, 14(7), 1259-1276. https://doi.org/10.5194 /hess-14-1259-2010

Hoekstra, A. Y. (2012). The hidden water resource use behind meat and dairy. Animal
Frontiers, 2(2), 3-8. https://doi.org/10.2527 /af.2012-0038

Hoekstra, A. Y. (2014). Water for animal products: A blind spot in water policy.
Environmental Research Letters, 9(9), 1-3. https://doi.org/10.1088/1748-
9326/9/9/091003

Hoekstra, A. Y., Chapagain, A. K, Aldaya, M. M., & Mekonnen, M. M. (2011). The water
footprint assessment manual. Earthscan. https://doi.org/10.4324 /9781849775526

Ilyas, F. (2015). Banned hormone still in use in dairy business despite health hazards. DAWN.
https://www.dawn.com/news/1209783

JIPAGIL. 2025, VOLUME 2, ISSUE 1 https://doi.org/10.61511 /jipagi.v2i1.1774


https://doi.org/10.61511/jipagi.v2i1.1774
https://doi.org/10.1016/j.still.2017.11.003
https://doi.org/10.1016/j.ecoenv.2017.12.021
https://sdgs.un.org/sites/default/files/documents/5839GSDR%202015_SD_concept_definiton_rev.pdf
https://sdgs.un.org/sites/default/files/documents/5839GSDR%202015_SD_concept_definiton_rev.pdf
https://doi.org/10.1016/j.ecolind.2011.12.009
http://www.fao.org/fileadmin/user_upload/esag/docs/Interim_report_AT2050web.pdf
http://www.fao.org/fileadmin/user_upload/esag/docs/Interim_report_AT2050web.pdf
https://www.fao.org/fileadmin/templates/wsfs/docs/expert_paper/How_to_Feed_the_World_in_2050.pdf
https://www.fao.org/fileadmin/templates/wsfs/docs/expert_paper/How_to_Feed_the_World_in_2050.pdf
http://www.fao.org/faostat/en/#rankings/countries_by_commodity_exports
https://www.fao.org/4/i2215e/i2215e.pdf
https://openknowledge.fao.org/server/api/core/bitstreams/63863832-4cb5-4e05-9040-4b22d9a92324/content
https://openknowledge.fao.org/server/api/core/bitstreams/63863832-4cb5-4e05-9040-4b22d9a92324/content
https://doi.org/10.4324/9781315762432
https://doi.org/10.1016/j.foodpol.2010.10.010
https://doi.org/10.1016/j.wri.2013.03.001
https://doi.org/10.1016/j.ecolecon.2008.06.021
https://doi.org/10.5194/hess-14-1259-2010
https://doi.org/10.2527/af.2012-0038
https://doi.org/10.1088/1748-9326/9/9/091003
https://doi.org/10.1088/1748-9326/9/9/091003
https://doi.org/10.4324/9781849775526
https://www.dawn.com/news/1209783

Johannes & Akbar (2025) 32

Jalava, M., Kummu, M., Porkka, M., Sieber, S., & Varis, 0. (2014). Diet change—a solution to
reduce water use? Environmental Research Letters, 9(7).
https://doi.org/10.1088/1748-9326/9/7 /074016

Khan, K. S., Kunz, R, Kleijnen, ]., & Antes, G. (2003). Five steps to conducting a systematic
review. Journal of the Royal Society of Medicine, 96(3), 118-121.
https://doi.org/10.1177/014107680309600304

Krause, M. K., & Otzel, G.R. (2006). Understanding and preventing subacute ruminal acidosis
in dairy herds: A review. Animal Feed Science and Technology, 126(3-4), 215-236.
https://doi.org/10.1016/j.anifeedsci.2005.08.004

Mantorova, G. F. (2017). Heavy metals technogenic pollution of plough lands arable layer in
the Chelyabinsk region. IOP Conference Series: Materials Science and Engineering,
262(1). https://doi.org/10.1088/1757-899X/262/1/012218

Mekonnen, M. M., & Hoekstra, A. Y. (2010). The green, blue, and grey water footprint of farm
animals and animal products. Daugherty Water for Food Global Institute.
https://www.waterfootprint.org/resources/Report-48-WaterFootprint-
AnimalProducts-Vol2 1.pdf

Mekonnen, M. M., & Hoekstra, A. Y. (2012). A global assessment of the water footprint of
farm animal products. Ecosystems, 15(3), 401-415. https://doi.org/10.1007/s10021-
011-9517-8

Mekonnen, M. M., & Hoekstra, A. Y. (2016). Four billion people facing severe water scarcity.
American Association for the Advancement of Science, 2(2), e1500323.
https://doi.org/10.1126 /sciadv.1500323

MLA. (2013). Meat standards Australia cattle information kit. Meat & Livestock Australia
Limited. https://futurebeef.com.au/wp-content/uploads/Meat-Standards-Australia-
beef-information-kit.pdf

Moher, D., Shamseer, L., Clarke, M., Ghersi, D., Liberati, A., Petticrew, M., Shekelle, P., Stewart,
L. A, & Prisma-P Group. (2015). Preferred reporting items for systematic review and
meta-analysis protocols (PRISMA-P) 2015 statement. Systematic reviews, 4, 1-9.
https://doi.org/10.1186/2046-4053-4-1

Nasrabadi, T., Mottaghifar, H., & Pourasghar, F. (2017). Life cycle assessment towards
optimization of water use in an industrial cattle farming complex by focusing on virtual
water approach (case study: Foka complex). Journal of Environmental Studies, 42(4).
https://doi.org/10.22059/jes.2017.60937

OECD. (2016). Meat consumption. OECD Data. https://data.oecd.org/agroutput/meat-
consumption.htm (Accessed October 21, 2017).

Oldenbroek, K., & Waaij, L. V. D. (2014). Textbook animal breeding: Animal breeding and
genetics for BSc students. Wageningen University and Research Centre.

Owusu-Sekyere, E., Jordaan, H., & Chouchane, H. (2017). Evaluation of water footprint and
economic water productivities of dairy products of South Africa. Ecological Indicators,
83,32-40. https://doi.org/10.1016/j.ecolind.2017.07.041

RAGFAR. (2007). Ruminal acidosis—understandings, prevention, and treatment. Australian
Veterinary Association.

Schroeder, ]J. W. (2017). Use caution when feeding dairy cattle high levels of concentrate.
NDSU  Agriculture. https://www.ag.ndsu.edu/drought/feeds-and-feeding/use-
caution-when-feeding-dairy-cattle-high-levels-of-concentrate

SDSN. (2013). Solutions for Sustainable Agriculture and Food System. SDSN. https://irp-
cdn.multiscreensite.com/be6d1d56/files /uploaded /TGO7-Agriculture-Report-
WEB.pdf

Shrestha, S., Pandey, V. P., Chanamai, C., Ghosh, D. K. (2013). Green, Blue and Grey Water
Footprints of Primary Crops Production in Nepal. Water Resources Management, 27(
15), 5223 - 5243. https://doi.org/10.1007 /s11269-013-0464-3

Tajik, J., & Nazifi, S. (2011). Diagnosis of Subacute Ruminal Acidosis: A Review. Asian Journal
of Animal Sciences, 5(2), 80 - 90. https://doi.org/10.3923/ajas.2011.80.90

JIPAGIL. 2025, VOLUME 2, ISSUE 1 https://doi.org/10.61511 /jipagi.v2i1.1774


https://doi.org/10.61511/jipagi.v2i1.1774
https://doi.org/10.1088/1748-9326/9/7/074016
https://doi.org/10.1177/014107680309600304
https://doi.org/10.1016/j.anifeedsci.2005.08.004
https://doi.org/10.1088/1757-899X/262/1/012218
https://www.waterfootprint.org/resources/Report-48-WaterFootprint-AnimalProducts-Vol2_1.pdf
https://www.waterfootprint.org/resources/Report-48-WaterFootprint-AnimalProducts-Vol2_1.pdf
https://doi.org/10.1007/s10021-011-9517-8
https://doi.org/10.1007/s10021-011-9517-8
https://doi.org/10.1126/sciadv.1500323
https://futurebeef.com.au/wp-content/uploads/Meat-Standards-Australia-beef-information-kit.pdf
https://futurebeef.com.au/wp-content/uploads/Meat-Standards-Australia-beef-information-kit.pdf
https://doi.org/10.1186/2046-4053-4-1
https://doi.org/10.22059/jes.2017.60937
https://data.oecd.org/agroutput/meat-consumption.htm
https://data.oecd.org/agroutput/meat-consumption.htm
https://doi.org/10.1016/j.ecolind.2017.07.041
https://www.ag.ndsu.edu/drought/feeds-and-feeding/use-caution-when-feeding-dairy-cattle-high-levels-of-concentrate
https://www.ag.ndsu.edu/drought/feeds-and-feeding/use-caution-when-feeding-dairy-cattle-high-levels-of-concentrate
https://irp-cdn.multiscreensite.com/be6d1d56/files/uploaded/TG07-Agriculture-Report-WEB.pdf
https://irp-cdn.multiscreensite.com/be6d1d56/files/uploaded/TG07-Agriculture-Report-WEB.pdf
https://irp-cdn.multiscreensite.com/be6d1d56/files/uploaded/TG07-Agriculture-Report-WEB.pdf
https://doi.org/10.1007/s11269-013-0464-3
https://doi.org/10.3923/ajas.2011.80.90

Johannes & Akbar (2025) 33

Tilman, D., Fargione, ]J., Wolff, B., D'Antonio, C., Dobson, A., Howarth, R., Swackhamer, D.
(2001). Forecasting agriculturally driven global environmental change. Science, 292,
5515, 281 - 284. https://doi.org/10.1126/science.1057544

Tory, S. (2014). How much water goes into your food?
http://www.hcn.org/issues/46.14 /how-much-water-goes-into-your-food

UN. (2015). Transforming Our World: The 2030 Agenda for Sustainable Development. United
Nations. https://sdgs.un.org/2030agenda

UN-Water. (2014). Water and Energy Vol. 1. The United Nations World Water Development
Report 2015. UNESCO (United Nations Educational, Scientific, and Cultural
Organization). https://unesdoc.unesco.org/ark: /48223 /pf0000231823

UN-Water. (2015). Water For A Sustainable World. The United Nations World Water
Development Report 2015, UNESCO (United Nations Educational, Scientific, and
Cultural Organization). https://www.unwater.org/publications/un-world-water-
development-report-2015

UNDESA (United Nations Department of Economics and Social Affairs) (2015) World
population projected to reach 9.7 billion by 2050. Available from UNDESA:
http://www.un.org/en/development/desa/news/population/2015report.html.

USDA (United States Department of Agriculture). (2013). Organic Livestock Requirements.
USDA.
https://www.ams.usda.gov/sites/default/files/media/Organic%20Livestock%20Re
uirements.pdf

Vanham, D., Hoekstra, A. Y., Bidoglio, D. (2013) Potential water saving through changes in
European diets. Environment International, 61, 45-56.
https://doi.org/10.1016/j.envint.2013.09.011

Von Blottnitz, H. & Curran, M. A. (2007) A review of assessments conducted on bio-ethanol
as a transportation fuel from a net energy, greenhouse gas, and environmental life cycle
perspective. Journal of Cleaner Production, 15(7), 607-619.
https://doi.org/10.1016/j.jclepro.2006.03.002

WHO (World Health Organization). (2013). WHO traditional medicine strategy: 2014-2023.
WHO Press. https://apps.who.int/gb/ebwha/pdf files/EB152/B152 37-en.pdf

Wiedemann, S., Davis, R, McGahan, E., Murphy, C., Redding, M. (2017). Resource use and
greenhouse gas emissions from grain-finishing cattle in seven Australian feedlots: A
life cycle assessment. Animal Production Science, 57(6) 1149-1162.
https://doi.org/10.1071/AN15454

Wiedemann, S., Henry, B. K., McGahan, E. ], Grant, T., Murphy, C. M., Niethe, G. (2015a).
Resource use and greenhouse gas intensity of Australian cattle production: 1981-
2010. Agricultural Systems, 133, 109-118. https://doi.org/10.1016/j.agsy.2014.11.002

Wiedemann, S., McGahan, E., Murphy, C., Yan, M.]., Henry, B., Thoma, G., Ledgard, S. (2015b).
Environmental impacts and resource use of Australian cattle and lamb exported to the
USA determined using life cycle assessment. Journal of Cleaner Production, 94, 67-75.
https://doi.org/10.1016/j.jclepro.2015.01.073

Zhang, Y. D., Johnston, D. ], Bolormaa, S., Hawken, R. ], Tier, B. (2014) Genomic selection for
female reproduction in Australian tropically adapted cattle. Animal Production Science,
54(1) 16-24. https://doi.org/10.1071/AN13016

JIPAGIL. 2025, VOLUME 2, ISSUE 1 https://doi.org/10.61511 /jipagi.v2i1.1774


https://doi.org/10.61511/jipagi.v2i1.1774
https://doi.org/10.1126/science.1057544
http://www.hcn.org/issues/46.14/how-much-water-goes-into-your-food
https://sdgs.un.org/2030agenda
https://unesdoc.unesco.org/ark:/48223/pf0000231823
https://www.unwater.org/publications/un-world-water-development-report-2015
https://www.unwater.org/publications/un-world-water-development-report-2015
http://www.un.org/en/development/desa/news/population/2015report.html
https://www.ams.usda.gov/sites/default/files/media/Organic%20Livestock%20Requirements.pdf
https://www.ams.usda.gov/sites/default/files/media/Organic%20Livestock%20Requirements.pdf
https://doi.org/10.1016/j.envint.2013.09.011
https://doi.org/10.1016/j.jclepro.2006.03.002
https://apps.who.int/gb/ebwha/pdf_files/EB152/B152_37-en.pdf
https://doi.org/10.1071/AN15454
https://doi.org/10.1016/j.agsy.2014.11.002
https://doi.org/10.1016/j.jclepro.2015.01.073
https://doi.org/10.1071/AN13016

Johannes & Akbar (2025) 34

Biographies of Authors

Hendro Putra Johannes, currently student of School of Environmental Science of
Universitas Indonesia. Experiences in water footprint assessment drive this research to
the top priority in order to give contribution to the world’s water scarcity problems.

* Email: hendro.johannes21@gmail.com

= ORCID: 0000-0002-5090-9103

=  Web of Science ResearcherID: N/A

= Scopus Author ID: 57199842033

* Homepage: https://scholar.google.co.id/citations?user=fgvPR4gAAAA]&hl=id

Muhammad Rahmat Akbar, formerly student of School of Environmental Science of
Universitas Indonesia. Being involved in livestock organization and roles in a company as
beef export and import consultant bring significant achievements in this research.

*  Email: mrahmatakbar1995@gmail.com

= ORCID: N/A

=  Web of Science ResearcherID: N/A

= Scopus Author ID: N/A

= Homepage: N/A

JIPAGIL. 2025, VOLUME 2, ISSUE 1 https://doi.org/10.61511 /jipagi.v2i1.1774


https://doi.org/10.61511/jipagi.v2i1.1774
mailto:hendro.johannes21@gmail.com
https://scholar.google.co.id/citations?user=fgvPR4gAAAAJ&hl=id
mailto:mrahmatakbar1995@gmail.com

