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PREFACE 

 

Food Production and processing, starting from the crop production untill the food is ready 

to be consumed, requires a lot of energy and resources. Green technology in food 

production and processing is one of the possible solution for the upcoming problems. 

Green technology is intented to minimize the effect of human activity, i.e. food production 

and processing on the environment. Producers answer the consumers demand by 

identifying and using greener technologies for food productions and processing. Some 

producers have started usage of organic inputs in the processing, usage of recyclable and 

environmentally-friendly packaging, and usage of minimal-energy processing. 

 

The Faculty of Agricultural Technology, Soegijapranata Catholic University, organized 

this 3rd International Conference on Food Science and Technology ―Greening the Food 

Industry: Innovation for Sustainability‖. This conference is purposed to be a media for 

exchanging knowledge and perspective between students, researchers and practitioners, 

especially in the area of green technology in food production and processing in order to 

enhance food sustainability worldwide 

 

This publication includes papers writen by oral presenters and poster presenters which 

categorized in three parallels session, i.e. Food Product Development (FPD), Food Safety 

and Ecotoxicology (FSE), and Food Nutrition and Culinary Technology (FNCT). 

 

The organizing committee is grateful to all honorable speakers, participants and sponsors, 

for joining this gathering and for their valuable contribution on the conferences. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Semarang, October 2014 

 

Dr. Victoria Kristina Ananingsih, ST, MSc 

Dean  

Faculty of Agricultural Technology 

Soegijapranata Catholic University 
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RULES OF CONFERENCE 
 

1. Plenary Session 

 

a. Every speaker will present his/her paper for maximum 20 minutes. 

b. All participants are prohibited to use any electronic device that produces loud 

sound during  speakers presentation. 

c. After all presentations, there will be a discussion session 

d. The audience should state their personal identity before giving question, 

suggestions, etc. 

 

2. Parallel Session 

 

a. The parallel session will be conducted by the chairman of that session (moderator). 

b. Speakers should give a short note with their name, institution, and curriculum vitae 

before their presentation. 

c. Duration of presentation is maximum 15 minutes and followed by 5 minutes 

disccussion. 

d. The audience should state their personal identity before giving question, 

suggestions, etc. 
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SUSTAINABLE FOOD PACKAGING: POSSIBILITY OR PIPEDREAM? 

 

 

Professor Gordon L. Robertson  
University of Queensland &Food•Packaging•Environment  

Brisbane, Australia 
 

 www.gordonlrobertson.com 

 
ABSTRACT 

 

Sustainability is generally considered to have three dimensions or pillars: economic, environmental 

and social. Sustainable packaging has been defined by the U.S. Sustainable Packaging Coalition as 

packaging that is sourced, manufactured, transported, and recycled using renewable energy; 

optimizes the use of renewable or recycled source materials; is manufactured using clean 

production technologies and best practices; is made from materials healthy throughout the life 

cycle; is physically designed to optimize materials and energy; and is effectively recovered and 

utilized in biological and/or industrial closed loop cycles.Rather than trying to define sustainable 

packaging, U.S.-based Wal-Mart Stores, the world's largest retailer, is promoting itself as a leader 

in sustainable packaging through initiatives such as their packaging scorecard, a measurement tool 

that allows suppliers to evaluate themselves relative to other suppliers, based on specific 

metrics.The European Organisation for Packaging and the Environment (Europen) believes it 

makes much more sense to talk about packaging and sustainability rather than sustainable 

packaging which in their view cannot be an end in itself.Trying to reconcile ―sustainable 

packaging‖ and ―packaging and sustainability‖ is difficult if not impossible. How can the food 

industry expect the public to understand what they are doing to become more sustainable when the 

language and metrics are so confusing? Reaching a broad consensus on what may constitute 

sustainable packaging would provide the packaging industry with a platform from which to 

influence regulation as well as customer and consumer attitudes and expectations. This presentation 

will discuss innovations in sustainable packaging and suggest reasons why it may be some time 

before sustainable packaging becomes widely available. 

 

http://www.gordonlrobertson.com/
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1.SUSTAINABLE DEVELOPMENT 

The most widely-accepted definition of 

Sustainable Development is the one that 

appeared in the report of the World 

Commission on Environment and 

Development (also known as the 

Brundtland Commission) in 1987 entitled 

Our Common Future: 

“Humanity has the ability to make 

development sustainable – to ensure that it 

meets the needs of the present without 

compromising the ability of future 

generations to meet their own needs.” 

 

In other words, sustainable development is 

the level of human consumption and activity 

which can continue into the foreseeable 

future, so that the systems which provide 

goods and services to humans persist 

indefinitely. The practical implications of 

this definition are diverse, ranging from the 

consumption of resources with respect to 

their rate of renewal, the efficiency of 

resource use, and the equity of their use 

across societies and generations, with 

different emphases according to discipline 

and political ideology. 

 

Contained within the Brundtland definition 

are two key concepts: that of needs, and in 

particular the essential needs of the world‘s 

poor to which overriding priority should be 

given, and the idea of limitations imposed by 

the state of technology and social 

organisation on the environment‘s ability to 

meet present and future needs. But the 

Brundtland report also contained a further 

statement that is often overlooked: 

“Sustainable development is not a new 

name for environmental protection: it is a 

new concept of economic growth” 

 

The London-based International Institute 

for Environment and Development (IIED:  

www.iied.org) defined sustainable 

development as an activity that can be 

maintained indefinitely because it is: 

 socially desirable 
 

 economically viable, and 
 

 ecologically sustainable 
 

These three parameters are sometimes 

referred to as People, Profits and Planet. 

 

2.SUSTAINABILITY 

The word sustainable means “to maintain or 

keep going continuously” and has been used 

in connection with forest management for 

over a century. The US Environmental 

Protection Agency ( 

www.epa.gov/sustainability) defines 

sustainability as: 

“The ability to achieve continuing 

economic prosperity while protecting the 

natural systems of the planet and providing 

a high quality life for its people” 

 

They state that this requires balancing 

the three E‘s: Economy, Environment 

and (social) Equity. Thus sustainability 

http://www.iied.org/
http://www.iied.org/
http://www.iied.org/
http://www.epa.gov/sustainability
http://www.epa.gov/sustainability
http://www.epa.gov/sustainability
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can be thought of as consisting of three 

pillars: Economy, Environment and 

Society. 

 

The implications of the above definitions for 

sustainable packaging are that: 

 Consumption of resources must 

match their rate of renewal 
 

 Use of non-renewable resources 

such as petroleum-based plastics 

(and metals) is unsustainable 
 

 The focus must be on renewable 

biobased materials 
 

 Resources must be used efficiently 
 

 There must be equity of resource use 

across societies and generations 
 

 

A major problem is that the public 

generally tends to have a poor 

understanding of energy (especially 

embodied energy) and environmental 

impacts as the following example 

illustrates: 

 

1 U.S. gallon (3.79 L) of gasoline comprises 

about 131.7 MJ of energy. A LCA of plastic 

water bottles showed that it requires about 

92.6 MJ of energy to make the plastic, 

transport and convert it into one hundred 10 

g PET water bottles. Thus, the energy 

equivalent of 1 gallon of gasoline could 

potentially create about 142 water bottles. If 

a car travels 30 miles per gallon, that is the 

equivalent of about 4.7 bottles per mile. 

 

When we drive our cars, the exhaust from the 

burned-up fuel “disappears” out of the 

tailpipe, and we never see it. 10 gallons of 

gasoline produces about 88 kg of CO2e, the 

equivalent footprint of 1,940 water bottles. If 

we had to dispose of, or recycle, 88 kg of 

material every time we burned 10 gallons of 

gasoline, many people would think very 

differently about driving. In theory, the 

plastic bottles can be recycled to reduce 

material needed for the next generation of 

bottles. The burned-up gasoline is lost 

forever. 

(from Amcor Rigid Plastics blog at  

http://amcorforwardaction.com/blog/). 

 

For a packaged food as a generalisation, 

90% of the life cycle impacts are caused by 

the food and 10% by the package. Of the 

10% packaging impacts, 10% arise during 

the disposal/recycling/incineration stage. 

Despite this, the public (and many 

governments) focus their attention on 

packaging disposal which accounts for 

only 1% of total life cycle impacts of 

packaged food. Fortunately, increasing 

attention is now being given to food waste 

which is a much more important issue than 

packaging waste. In June 2014 FAO 

released a report by the High Level Panel 

of Experts on Food Security and Nutrition 

of the Committee on World Food Security 

entitled Food losses and waste in the 

context of sustainable food systems ( 

www.fao.org). We must always remember 

http://amcorforwardaction.com/blog/
http://amcorforwardaction.com/blog/
http://amcorforwardaction.com/blog/
http://www.fao.org/
http://www.fao.org/
http://www.fao.org/
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that packaging prevents waste and that the 

developing world needs more and better 

packaging – not less. 

 

Of course, mere improvement in resource 

productivity and eco-efficiency of processes 

won‘t fully address environmental impacts 

from increased consumption as the world‘s 

population rises. We must move away from a 

material-intensive consumer culture towards 

sustainable consumption. However, no 

company has yet addressed the thorny issue 

of sustainable consumption – and how might 

they? But sustainable consumption must be 

part of any sustainable business model. 

 

3.SUSTAINABLE PACKAGING 

Although sustainable packaging is widely 

discussed at conferences and in the 

packaging media, many in the packaging 

industry are confused as to what it actually 

means. Consumers are also very confused 

and the possibility exists for unscrupulous 

companies to market packages as 

―sustainable‖ when they are not and thus 

mislead consumers. 

 

Sustainable packaging has been defined by 

the U.S. Sustainable Packaging Coalition 

(SPC:  www.sustainablepackaging.org/) as 

packaging that is sourced, manufactured, 

transported, and recycled using renewable 

energy; optimises the use of renewable or 

recycled source materials; is manufactured 

using clean production technologies and 

best practices; is made from materials 

healthy throughout the life cycle; is 

physically designed to optimise materials 

and energy; and is effectively recovered 

and utilised in biological and/or industrial 

closed loop cycles. Today there are no 

packages on the market that would qualify 

as sustainable under the SPC definition. 

 

However, a single definition of sustainable 

packaging is unfeasible, as the sustainability 

of a packaging material intrinsically depends 

on aspects specific to its life cycle such as its 

manufacturing process, the length of its 

supply chain, its use and finally its disposal 

options. Some would even argue that there is 

no such thing as ―sustainable packaging‖ but 

rather there are improvements that can be 

made to the packaging‘s attributes and its 

manufacturing process in order to reduce its 

life cycle impacts. But what about the social 

dimension of sustainability? 

 

The European Organisation for Packaging 

and the Environment (Europen:  

www.europen-packaging.eu/) believes it 

makes much more sense to talk about 

packaging and sustainability rather than 

sustainable packaging which in their view 

cannot be an end in itself. 

 

Trying to reconcile ―sustainable packaging‖ 

and ―packaging and sustainability‖ is 

difficult if not impossible. How can the food 

industry expect the public to understand what 

http://www.sustainablepackaging.org/
http://www.europen-packaging.eu/
http://www.europen-packaging.eu/
http://www.europen-packaging.eu/
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they are doing to become more sustainable 

when the language and metrics are so 

confusing? Reaching a broad consensus on 

what may constitute sustainable packaging 

would provide the packaging industry with a 

platform from which to influence regulation 

as well as customer and consumer attitudes 

and expectations. 

 

In 2012, PricewaterhouseCoopers (PwC) - a 

leading professional services firm - published 

a report in the UK entitled ―Sustainable 

packaging: myth or reality?‖ They concluded 

that sustainable packaging as a term is no 

longer relevant today as it is too broad a term 

to be useful at a practical level. No one can 

come up with a single meaningful definition 

of sustainable packaging. Rather, in their 

view, sustainable packaging has been 

substituted with a more balanced view of 

efficient packaging, characterised by the use 

of minimum resources; minimising product 

waste; transport and display efficiency; and 

effective after-use disposal and recycling. 

 

4.BIOBASED PACKAGING 

MATERIALS 

These are defined as materials derived from 

primarily annually renewable sources – and 

they are not necessarily biodegradable. This 

definition excludes paper-based materials 

since trees generally have renewal time of 

25-65 years (but paper is obviously 

biobased). The main driving force is a 

desire for renewable resources and the 

current interest in sustainability is driving 

development of biobased packaging 

materials. 

 

Although Nature produces 170 billion metric 

tonnes per year of biomass by 

photosynthesis, only 3-4% of these 

compounds are used by humans for food and 

non-food purposes. Biomass carbohydrates 

are the most abundant renewable resources 

available (75% of this biomass) and are 

currently viewed as a feedstock for the green 

chemistry of the future (including plastics). 

 

The public believes that biodegradable 

packaging will solve the solid waste problem 

plus the litter problem. To many consumers 

biodegradation appears ‗natural‘ – it is what 

Nature does so it must be good! Petroleum-

based plastics when incinerated (or 

biodegrade in some cases) release CO2 that 

was fixed millions of years ago. 

Biodegradable plastics when they degrade 

release ‗new‘ CO2 and are classed as ‗carbon 

neutral‘ (Narayan, 2012). Biobased, 

biodegradable plastics have been classed as 

‗sustainable packaging‘ by some people and 

organisations. 

 

To realize the benefits of biodegradable 

plastics, municipal composting facilities 

must be available. However, few cities have 

such facilities or the capacity to collect 

green waste separately. This is a major 

drawback to the expansion of biodegradable 
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plastics. The biggest benefit of composting 

is avoidance of methane production in 

landfills. It is worth noting in passing that 

metal, glass and most petroleum-based 

plastics do not biodegrade! 

 

It can be confusing when people talk about 

bioplastics. This is because bioplastics can 

be biobased or biodegradable or both. 

Biobased plastics are derived from 

biobased materials and may (or may not) 

be biodegradable. Biodegradability does 

not depend on the origin of the raw 

materials - only on their chemical 

composition. 

 

Biodegradable polymers can be made either 

from renewable biobased or petroleum-based 

raw materials. 

 

Biobased packaging materials can be 

classified as shown below: 

Petroleum-based (Non-renewable) 

 

1. Biobased and Biodegradable 

Thermoplastic starch (TPS) is typically 

70% starch plus plasticisers (glycerine and 

polyols), fillers and PCL or PVOH (both 

petroleum-based). TPS can be extruded 

into sheet for thermoforming into trays; it 

can also be expanded into foams for 

cushion packaging. To improve barrier 

and mechanical properties, nanoclays can 

be added. 

 

TPS products normally retain the 

hydrophilic characteristics of starch and 

readily degrade in home composters. They 

are suitable for low moisture products such 

as confectionary and biscuit trays, and short 

service life foams for transport packaging. 

However, TPS is not really a viable 

alternative to most petroleum-based plastics. 

It has also been blamed (unfairly) for the 

rise in food prices – bioethanol is real 

culprit. 

 

The Melbourne-based manufacturer Plantic 

sells ecoPlastic™ High Barrier film that 

provides exceptional gas barrier and 

excellent sealing with existing petroleum-

based lidding films. These films are suitable 

for packaging fresh produce including meat, 

chicken, fish and seafood, small goods, fresh 

pasta and cheese. Although they have 89% 

renewable biobased content (LDPE and PP 

skins) they are not compostable or 

recyclable. Their cost is comparable to 

conventional films 

 

Polylactic Acid (PLA) is manufactured by 

NatureWorks LLC at their 140,000 t/yr plant 

 Biobased (Renewable)   

 BioPET 3 TPS 1  

 BioPE  PLA   

Not 

biodegr

adable 

PEF  PHA  Biode

grada

ble LDPE/HDPE 4 PCL 2 

  

 PP & PA  PBT   

 PET & PS  PBS   

 PVC  PGA   
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in Nebraska, USA using GM corn. Purac, a 

Dutch lactide producer, uses sugar beets in 

Europe and commissioned a 75,000 t/yr plant 

in Thailand in 2012 using sugar cane and 

tapioca to produce lactic acid. There are also 

manufacturers in China and Japan. 

 

The major application of PLA in food 

packaging is as a rigid bottle or tub. PLA 

also finds some use in food packaging as a 

film. The biggest problem is its high 

WVTR as discussed by Cairncross et al., 

(2005). It can also contaminate the PET 

recycling stream and will not decompose 

in home composters as it requires higher 

temperatures that are only found in 

industrial composters (Kolstad et al., 

2012). 

 

In June 2009, Fritolay launched a 33% PLA 

bag for their SunChips in the USA. A 100% 

PLA bag was launched in March 2010 but 

removed in October 2010 due to complaints 

about noise! A Facebook group called "Sorry 

But I Can't Hear You Over This SunChips 

Bag" gathered more than 44,000 fans. They 

relaunched a 100% PLA bag for plain chips 

in February 2011 (90% by weight biobased). 

It was 6 layers and 20 µm thick and consisted 

of PLA-print-adhesive-mPLA-PLA-sealant. 

It employed a different adhesive to bind the 

inner and outer layers and this reduced the 

noise considerably. In 2013 they reverted to 

their original petroleum-based PET bag. 

 

Although not a biobased plastic material as it 

will not melt under heat and pressure, 

regenerated cellulose film (in effect 

transparent paper) has been used for 

packaging since the 1920s but is always 

coated with petroleum-based polymers to 

improve its barrier and sealing properties. In 

March 2011 Boulder Canyon Natural Foods 

launched a compostable package for its chips 

consisting of a metallised RCF film with a 

coating of PVdC copolymer (Saran). It is 

certified by the Biodegradable Products 

Institute to meet ASTM 6400 standards for 

compostability. 

 

Poly(hydroxyalkanoates) or PHAs are 

microbial polyesters such as 

poly(hydroxybutyrate) (PHB). They are 

produced by many bacterial species as 

intracellular particles that function as energy 

and carbon reserves. The bacteria 

Cupriavidus necator ferments sugars to 

random copolymers of HB & HV 

(hydroxybutyrate and hydroxyvalerate). 

PHAs have high performance properties 

including excellent strength and toughness, 

as well as resistance to heat and hot liquids. 

Suggested applications include cold and hot 

cups, cup lids, yogurt containers, tubs and 

trays for meats and vegetables, and 

disposable food packaging. 

 

Mirel™ was released in 2010 by Telles, a 

joint venture of Metabolix and ADM. A 

50,000 tonne per annum plant was 



 

3
rd

 International Student Conference 

―Greening The Food Industry : Innovation for Sustainibility‖ 

Department of Food Technology, Soegijapranata Catholic University Semarang 

Tuesday, September 2
nd 

 ,2014 

10 

 

constructed in Clinton, Iowa; there are also 

manufacturers in China and Japan. 

However, it is too expensive to find 

widespread use in food packaging. 

 

Polyglycolic Acid (PGA) has been used 

for decades for sutures and recently 

Kureha established a manufacturing 

facility in the US to produce PGA for 

packaging. Although presently made from 

petroleum-based raw materials, it could be 

made from biobased resources. It has 

excellent barrier properties and is likely to 

find application as a barrier layer in PET 

bottles. 

 

3. Biobased but not Biodegradable 

 

Bioethylene can be produced by the catalytic 

dehydration of bioethanol, followed by 

normal polymerisation to produce 

polyethylene (Koopmans, 2014). It is not 

biodegradable and has the same properties, 

processing and performance as polyethylene 

made from natural gas or oil feedstocks. To 

date most biopolyethylene is produced in 

Brazil which is a large producer of 

bioethanol from sugar cane. The major 

producer Braskem claims every tonne of 

bioPE captures 2.5 tonne of CO2. 

 

In August 2011, Danone in Brazil 

launched 150 g Activia yogurt in 

bioHDPE. From 20102 Tetra Pak is using 

5000 t/yr of bioHDPE in the production of 

plastic caps and closures. Coca-Cola uses 

bioHDPE for their Odwalla fruit juice 

bottles. 

 

In May 2009, Coca-Cola announced the 

release of PlantBottle™ made from a blend 

of petroleum-based materials and up to 30% 

plant-based materials (ethylene glycol (EG) 

from molasses), leading to a 25% reduction 

in carbon emissions. In February 2011, 

Coca-Cola and H.J. Heinz announced a 

strategic partnership that enables Heinz to 

produce its ketchup bottles using Coca-

Cola‘s PlantBottle™ packaging; Volvic will 

also use PlantBottle™. 

 

In March 2011, Pepsico unveiled plans for a 

bioPET bottle made from switch grass, pine 

bark, corn husks and other materials to be 

piloted in 2012. Ultimately, they plan to also 

use orange peels, oat hulls, potato scraps and 

other leftovers from their food business. 

They have not yet announced from where 

they will source the terephthalic acid or the 

result of their pilot plant trials. 

 

In December 2011, Coca-Cola signed an 

agreement with Virent in the USA to develop 

100% biobased bottles. Virent is partly 

owned by Cargill, Shell and Honda and can 

produce para-xylene (BioFormPX™) from a 

wide variety of feedstocks, including sugar 

cane, corn and woody biomass. Para-xylene 

can be converted to terephthalic acid and 

reacted with ethylene glycol from molasses 



 

3
rd

 International Student Conference 

―Greening The Food Industry : Innovation for Sustainibility‖ 

Department of Food Technology, Soegijapranata Catholic University Semarang 

Tuesday, September 2
nd 

 ,2014 

11 

 

to produce 100% biobased PET. 

 

In December 2011, Coca-Cola also 

signed an agreement with Gevo in the 

USA to develop 100% biobased bottles. 

Gevo‘s Integrated Fermentation 

Technology® 

 

(GIFT®) converts biomass into isobutanol 

that can be used to make para-xylene. On 

24
th
 May 2012, the world‘s first commercial 

biobased isobutanol production plant started 

up in Luverne, Minnesota. When cellulosic 

biomass processing technology is ready for 

commercialisation, Gevo plans to deploy 

cellulosic butanol technology. 

 

In December 2011, Coca-Cola also signed an 

agreement with Avantium in the Netherlands 

to develop 100% biobased bottles made of 

polyethylene furanoate (PEF) which has 

better gas barrier properties than PET. In 

March 2012 Danone signed an agreement 

with Avantium to develop PEF bottles. 

Avantium‘s patented technology (YXY) 

converts biomass into furanics building 

blocks such as 2,5-furan dicarboxylic acid 

(FDCA) that can replace TA and be 

polymerised to PEF. Avantium was founded 

in 2000 by an international consortium of 

industrial companies including Royal Dutch 

Shell, Eastman Chemical, Akzo-Nobel and 

Pfizer. 

 

PEF has superior barrier properties: 

 PEF O2 barrier is 10 times better than 

PET 
 

 PEF CO2 barrier is 4 times better than 

PET 
 

 PEF H2O barrier is 2 times better than 

PET PEF also has more attractive 

thermal properties: 
 

 The Tg of PEF is 86°C compared to the 

Tg of PET of 74°C 
 

 The Tm of PEF is 235°C compared to 

the Tm of PET of 265°C PEF is likely to 

replace PET for carbonated beverages 

by 2020. 
 

 

Are Biobased Plastics Sustainable? 

 

The best way to try and answer this 

question is using LCA (life cycle 

assessment). Many LCAs have been 

published but there is only time to 

consider six recent ones. 

 

Weiss et al., (2012) addressed the 

environmental impacts of biobased 

materials in a meta-analysis of 44 LCA 

studies. Biobased materials save primary 

energy and greenhouse gases (GHGs) but 

may increase eutrophication and 

stratospheric ozone depletion. Most impacts 

are caused by the application of fertilisers 

and pesticides during industrial biomass 

cultivation. Loss of biodiversity, soil carbon 

depletion, soil erosion and deforestation, as 

well as GHG emissions from indirect land 

use change, were not quantified in the 
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LCAs. 

 

Alvarez-Chavez et al., (2012) reported that 

none of the biobased plastics currently in 

commercial use or under development are 

fully sustainable. They noted that when 

deciding to substitute conventional 

petroleum-based plastics with biobased 

plastics, it is important to understand the flow 

of these materials and their adverse impacts 

in all parts of their life cycles in order to 

select a material that is more sustainable. 

 

Hottle et al., (2013) reviewed sustainability 

assessments of biobased polymers. Studies 

that included end of life (EOL) options 

reported much higher global warming 

potential (GWP) results than those that 

limited the scope to resin or granule 

production. Including EOL in the LCA 

provides more comprehensive results but 

simultaneously introduces greater amounts 

of uncertainty and variability. Little LCA 

data is available on the impacts of different 

disposal options yet such data is critical for 

sustainability assessments. 

 

Yates and Barlow (2013) reviewed existing 

LCAs on PLA, PHA, and starch-based 

polymers. While reductions in non-

renewable energy use (NREU) and GWP 

can be achieved, there were higher impacts 

in other categories. Definitive conclusions 

were difficult to draw although the studies 

reviewed suggest that these biopolymers 

may not necessarily be more 

environmentally friendly than the 

petroleum-based polymers they could 

replace. 

 

Pawelzik et al., (2013) reported that 

although the internationally agreed LCA 

standards provide generic recommendations 

on how to evaluate the environmental 

impacts of products and services, they do 

not address details that are specifically 

relevant for the life cycles of biobased 

materials. Treatment of biogenic carbon 

storage is critical for quantifying the GHG 

emissions of biobased materials in 

comparison with petroleum-based 

materials. 

 

Eerhart et al., (2012) presented a process 

analysis, energy and GHG balance if 

petroleum-based PET was replaced with 

biobased PEF. They found that production of 

PEF can reduce NREU 40% to 50% and 

GHG emissions by 45% to 55% compared to 

PET on a cradle to grave basis. These 

reductions are higher than for other biobased 

plastics such as PLA or PE. Given that 

annual production of PET bottles is 15 mio. 

tonnes, substitution by PEF would save 440-

520 PJ (petajoules) of NREU and reduce 

GHGs by 20-35 t of CO2e. GHGs could be 

reduced further by a switch to lignocellulose 

feedstocks but more research is required 

before this route can be commercialised. 
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5.QUANTITIES OF BIOBASED 

MATERIALS 

Global production of petroleum-based 

plastics is around 250 mio. tonnes/year of 

which plastics packaging is 100 mio. 

tonnes/year. Biobased plastics production in 

2005 was 80,000 tonnes of which starch was 

45,000 tonnes and PLA 35,000 tonnes. In 

2011, biobased plastics production was 1.2 

mio. tonnes and it is estimated to reach 5.8 

mio. tonnes in 2016 of which bioPET will be 

4.6 tonnes. Strongest growth will be led by 

biobased, non-biodegradable bioplastics such 

as bioPE and bioPET which are dubbed 

―drop-in‖ solutions. BioPET already 

accounts for 40% of the global bioplastics 

production capacity. 

 

6.INNOVATION 

Invention is the creation of a new idea, 

concept, device or process, whereas 

innovation is turning a new concept into 

commercial success: the introduction of 

change via something new. It is not an 

innovation until a customer says it is! 

Thus innovation involves both invention 

plus exploitation and typically takes 3-8 

years. While the patent literature is full of 

inventions, few ever qualify as 

innovations. 

 

Innovations in Sustainable Packaging 

Time only permits mention of a few such 

innovations. A major one involves 

lightweighting. This has been going on for 

decades, driven primarily by economics. Just 

when you think the limit has been reached, a 

new low is achieved. For example, Sidel has 

recently launched their RightWeight PET 

bottle which weighs just 7.95 g for a 500 mL 

bottle. While the industry average is 12 g, 

back in 1985 the weight was 28 g. This new 

bottle also has 32% more top-load 

performance. There have also been 

spectacular reductions in aluminum can body 

thickness over a decade. Lightweighting of 

packaging means less material is used and 

therefore environmental impacts are reduced. 

 

Wal-Mart recently redesigned their gallon 

milk jug to improve transport & display 

efficiency. The new jug requires no crates or 

racks for shipping and storage (which saves 

on water to clean the racks and crates). The 

jugs are self-stacking because the spout is 

flatter and each jug can rest on another 

during transport, as well as while on display. 

The squared-off design allows the jugs to be 

palletised; 9% more of them fit on a truck. 

However, the packaging engineers ignored 

consumers when redesigning the jug and it 

attracted a lot of negative comment because 

it is almost impossible to pour from without 

spilling milk. 

 

LiquiGlide™ was founded in 2012 from 

research at MIT. LiquiGlide™ coatings 

allow viscous liquids to move easily due to 

permanently wet slippery surfaces. Coatings 

consist of two layers: a porous solid layer 
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and an impregnating liquid layer. The first 

consumer products with LiquiGlide™ 

coatings are expected to hit shelves in 2015, 

and likely products include mayonnaise, 

ketchup and toothpaste. Benefits include 

reducing waste, increasing consumer value 

and eliminating the need for complicated 

pump modules and dispensing/closure 

systems. 

 

7.FUTURE DIRECTIONS 

The packaging industry must continue to 

innovate or it will stagnate because 

consumers want innovation and value 

novelty. There are several drivers for 

packaging innovations. One is the fast-

changing social trends and the increasing 

consumer demand for convenience and 

safety. Another is the growing environmental 

awareness of consumers, while profitability 

and differentiation are also important for 

food companies seeking to attract consumer 

attention. Sustainability will receive 

increasing attention and a plethora of labels 

such as carbon footprint and paper from 

sustainably managed forests will indicate 

how companies are performing in this area. 

Material substitution and lightweighting will 

continue. Biobased but not biodegradable 

plastics will become commonplace over the 

next decade and ensure that the packaging 

industry becomes more sustainable. 

 

8.SUSTAINABLE FOOD PACKAGING: 

POSSIBILITY OR PIPEDREAM? 

To answer the question posed by the title of 

this presentation, a lack of consensus over 

what constitutes sustainable packaging 

means that different companies and 

individuals will answer the question in 

different ways. What some might consider 

sustainable will be viewed as unsustainable 

by others. But what is clear is that 

eventually petroleum-based polymers will 

be replaced by biobased polymers and 

these will not be biodegradable. 

Meanwhile, the food and packaging 

industry must continue to decrease 

environmental impacts throughout the 

package life cycle, and efforts to recycle 

post-consumer packaging must by 

increased. Even greater results will be 

achieved by reducing impacts from food 

production and minimising food waste. 
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ABSTRACT 

 

Optimization of sorghum flour fermentation has been conducted to determine the optimal condition 

of fermentation based on soluble protein content measured by spectrophotometer at 550 nm using 

Biuret reagent. Sorghum flour was fermented by Lactobacillus plantarum 3704. The data of 

soluble protein contents of sorghum flour were analyzed using Factorial Treatment Design 3 × 3 × 

3 with Randomized Complete Block Design. The first factor was concentration of soy protein 

concentrate (1%, 2%, and 3%). The second and third ones were concentration of L. plantarum 

suspension (0.25%, 0.5%, 0.75%) and the duration of the fermentation (24 h, 36 h, and 48 h), 

respectively. Data were assessed by Tukey‘s HSD (Honestly Significant Difference) test with a 

significance level of 95%. Result showed that the optimum condition of fermentation was 2% soy 

protein concentrate, 0.25% L. plantarum suspension, and 36 h of fermentation. The soluble protein 

content in the optimum fermentation condition was 11.52%. 

 

Keywords: sorghum flour, soluble protein, soy protein concentrate, Lactobacillus plantarum 
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1.INTRODUCTION 

Indonesian food security continues to face 

various problems such as insufficient food 

production, low competitiveness of 

agricultural product, shrinking of arable land 

in Java island (100,000 acre/year), lack of 

infrastructures, climate change, undeveloped 

food diversification based on local product, 

population growth, and increasing 

consumption per-capita (RISTEK, 2013).   

The increasing population of Indonesian 

results in dependence on imported wheat. 

Volume of imported wheat in 2011 reached 

5.4 million metric tons and increased to 6.2 

million metric tons in 2012 (Theresia, 2013).  

Sorghum is a local Indonesian crop with 

various local names. In Java, sorghum is 

called “canthel”. Sorghum can be grown 

well in Indonesia. Moreover, sorghum is 

considered as the most important crop in the 

world followed by wheat, rice, corn, and 

barley (FAO, 1997). 

 

The protein content of sorghum is 11%, but it 

will decrease because of washing and further 

processes (Puspaningsih, 2013). Sorghum 

contains protein in the form of albumin, 

globulin, prolamine, and glutelin (Skoch et 

al., 1970). The high protein content in 

sorghum does, unfortunately, not come along 

with variation of amino acids (Andayani in 

Puspaningsih, 2013). The poor amino acid 

variation reduces the digestibility of the 

protein (Puspaningsih, 2013). 

 

Sorghum contains tannin and phytic acid that 

inhibit the absorption of carbohydrates and 

proteins (Osman, 2004). L. plantarum has 

proteolytic (Mugula et al., 2003) and 

amilolytic (Songre-Ouattara et al., 2009) 

activities thus increasing the digestibility of 

carbohydrates and proteins. 

 

Fermentation of sorghum flour using L. 

plantarum and soy protein fortification 

would improve the quality of the sorghum 

flour by increasing the protein content and 

digestibility. Thus, the aim of this study was 

to investigate the optimum fermentation 

condition of modified sorghum flour based 

on soluble protein content. 

 

2.MATERIALS AND METHODS 

The main materials in this study were 

sorghum (Sorghum bicolor L.) obtained from 

Surakarta, soy bean (Glycine max (L.) Merr.) 

obtained from Grobogan, and Lactobacillus 

plantarum 3074 obtained from PAU Pangan 

UGM. The chemicals and medium used in 

this research were purchased from Merck, 

Germany. They were CuSO4.5H2O, NaOH, 

BSA, KNa-tartrat, and MRS (deMann, 

Rogosa and Sharpe) medium.  

 

2.1.Lactobacillus plantarum suspension 

preparation 

Suspension containing 10
8
 CFU/ml 

determined using McFarland scale by means 

of spectrophotometer UV/VIS (Optizen UV 

2120, South Korea). 
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2.2.Soy Protein Concentrate 

The pH of soy milk was adjusted to 4.8 using 

citric acid to separate soy protein from the 

milk. The protein precipitate was dried in 

drying cabinet for 24 h in 50°C. Then, it was 

defatted by Sohxlet extractor using diethyl 

ether as solvent. 

 

2.3.Sorghum Flour Fermentation 

Optimization 

Sorghum was germinated for 5 days and 

dried in drying cabinet for 48 h. Sorghum 

was milled into 60 mesh flour, and it was 

fortified with soy protein concentrate (1%, 

2%, 3%). Fermentation was carried out by 

mixing 25 g fortified sorghum flour and 50 

mL PPS (peptone physiological salt) solution 

containing L. plantarum (0.25%, 0.5% and 

0.75%). The slurries were allowed to be 

fermented at 37°C for 24 h, 36 h, and 48 h in 

closed plastic cups. The slurries were dried in 

a drying cabinet at 50°C for 48 h. The dried 

samples were milled using food processor 

and stored in plastic bags at 4°C. All kinds of 

the flour were analyzed for their soluble 

protein content using Biuret reagent 

measured at 550 nm (AOAC, 1995). 

 

2.4.Data analysis 

The data of soluble protein content were 

analyzed using Factorial Treatment Design 3 

× 3 × 3 with Randomized Complete Block 

Design. There were three factors, namely 

concentration of soy protein concentrate (1%, 

2%, and 3%), concentration of L. plantarum 

suspension (0.25%, 0.5%, 0.75%), and 

duration of the fermentation (24 h, 36 h, and 

48 h). Data were assessed by Tukey‘s HSD 

(Honestly Significant Difference) test with a 

significance level of 95%. 

 

3.RESULT AND DISCUSSION 

The optimization of fermentation condition 

data analysis were followed by a review of 

the interaction between each variable (L. 

plantarum concentration, soy protein 

concentrate addition, and duration of 

fermentation). The ANOVA analysis showed 

significant difference of fermentation 

duration (Table 1), soy protein concentrate 

addition (Table 2), interaction of bacterial 

suspension and fermentation duration (Table 

3), soy protein addition and fermentation 

duration (Table 4). 

Table 1. Soluble protein content (x̄ ± SE , %) 

of fermented sorghum flour in every duration 

of fermentation 

 
24 h 36 h 48 h 

x̄ ± SE 

W = 0.96 

9.87±0.82 

(a) 

10.77±0.95 

(ab) 

9.77±0.70 

(a) 

W is the honest significant difference of 5%, and 

different alphabets indicate significant difference 

between treatment, this applies to all tables represented 

in this paper.  

 

Table 1 shows that the highest soluble 

protein content is in 36 hours of fermentation 

with significant difference marked with (ab). 

Thus, the optimum duration of fermentation 

was 36 hours. 
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Table 2. Soluble protein content (x̄ ± SE , %) 

of fermented sorghum flour in every addition 

of soy protein concentrate 

 
1% 2% 3% 

x̄ ± SE 

W = 0.96 

9.06±0.84 

(a) 

10.80±0.88 

(b) 

10,56±0.68 

(b) 

Table 2 indicates a significant difference 

between soy protein concentrate addition. 

The highest soluble protein content is in 2% 

and 3% soy protein concentrate additions, so 

the lowest addition is chosen. 

 

Table 3. Soluble protein content (x̄ ± SE , %) 

of fermented sorghum flour in soy protein 

concentrate addition and duration of 

fermentation 

 24 h 36 h 48 h 

0.25% 10.27±1.36(a) 

(a) 

11.90±1.61(b) 

(b) 

9.65±1.43 (a) 

(a) 

0.50% 9.83±1.43 (a) 

(a) 

9.27±1.74 (a) 

(a) 

10,28±1.35(a) 

(a) 

0.75% 9.53±1.91 (a) 11.13±1.76(b) 9.39±1.24 (a) 

(a) (ab) (a) 

W=1,64 

 

Table 3 shows that the highest soluble 

protein content is in 0.25% bacterial 

suspension for 36 h fermentation. Thus, the 

optimum fermentation condition is in 0.25% 

bacterial suspension and duration of 36 h.  

 

Table 4. Soluble protein content (x̄ ± SE , %) 

of fermented sorghum flour in various 

concentrations of bacterial suspension and 

durations of fermentation 

W= 1,64 

 

 

24 h 36 h 48 h 

1% 

8,60±1,51 (a) 

(a) 

8,79±2,05 (a) 

(a) 

9.79±1,08 (a) 

(a) 

2% 

11.62±1,48(b) 

(b) 

11.72±1,28 (b) 

(b) 

9.05±1,74 (a) 

(a) 

3% 

9.41±1,06 (a) 

(a) 

11.80±1,41(b) 

(ab) 

10.48±0,99(a) 

(a) 

Figure 1 The soluble protein contents of all samples showing optimum at P2 B1 T1 (P1=1%, P2=2%, P3=3% of 

soy protein concentrate addition; B1=0.25%, B2=0,50%, B3=0,75% L. plantarum addition; T1=24h, T2=36h, 

T3=48h of fermentation duration) 
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Table 4 shows that the highest soluble 

protein content is obtained by fermentation 

for 24 h with 2% soy protein concentrate 

addition. The condition has been chosen 

based on the highest soluble protein content 

obtained at lower concentration of addition 

and shorter time.However, according to 

Table 1 and Table 3 showing that the 

optimum duration of fermentation is obtained 

at 36 hours of fermentation, thus 2% soy 

protein concentrate addition and 36 h of 

fermentation time in combination with 0.25% 

bacterial suspension is more likely to be the 

optimum fermentation condition instead of 

that condition with 24 h of fermentation time. 

  

Figure 2 Interaction within duration of 

fermentation. The graph shows that the soluble 

protein content peaks at 36 h of fermentation 

 

The optimum soluble protein content was 

achieved at fermentation for 36 h. The result 

of this study corresponds to the research 

conducted by Pranoto (2013) that the highest 

IVPD (In vitro protein digestibility) value of 

sorghum flour fermented with L. plantarum 

bacteria peaked at 36 hours of fermentation. 

Thus, increasing number IPVD indicated that 

the soluble protein in this sorghum flour also 

increased. The L. plantarum has proteolytic 

activity (Mugula et al., 2003) that could 

break down long protein chains into smaller 

protein unit thus increasing the IPVD and 

soluble protein content. 

 

Soy protein concentrate fortification 

increases the quality and quantity of protein 

in modified sorghum. Puspaningsih (2013) 

conducted a study of sorghum fortification 

using peanut. Peanut only contain 25.3% 

total protein and 7.92% soluble protein 

compared to soy protein isolate that contain 

60.05 soluble protein. The research showed 

that at the optimum fermentation condition 

using Rhyzophus oligosporus 2.5% , in which 

the peanut addition was 5%, the soluble 

protein content reached only 6.36%, lower 

than soluble protein content (11.52%) in 

modified sorghum flour fermented by L. 

plantarum at an optimum condition utilizing 

2% soy protein concentrate . Apart from the 

distinguished cultures which might affect the 

fermentation processes thus causing the 

different values of protein content, soy 

protein concentrate addition is probably more 

effective than peanut addition because the 

protein contained in soy protein concentrate 

is more higher.  

 

4.CONCLUSION 

Depending on the statistical analysis, it could 

be concluded that the optimum condition for 

fermentation was 0.25% L. plantarum, 2% 
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soy protein concentrate, and 36 hours of 

fermentation. 
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ABSTRACT 

 

Healthy natural dyes are needed to produce a good quality and attractive food products. One of the 

natural red dyes which can be used as a food colorant is red beet (Beta vulgaris L). Solar Tunnel 

Dryer (STD) is one method to produce red beet powder. To improve the quality of dried foods, 

drying agents (maltodextrin and arabic gum) are commonly applied. This drying agents could 

speed up the drying process and can also retain the nutrients of products. The purpose of this study 

is to investigate the effect of drying agent on the physicochemical properties of red beet dried by 

STD. Physico-chemical properties of red beet powder analyzed were antioxidant activity, moisture 

content, bulk density, color intensity and wetting ability. Maltodextrin and arabic gum were added 

in the red beet extract at concentrations of 20%, 40%, and 60%. Red beet extract was adjusted at 

pH 4. STD was conducted for 200 minutes. The results showed that the use of gum arabic as drying 

agent with a concentration of 60% had the higher antioxidant activity (90.10%) than that of 

maltodextrin (79.17%). Moreover, application of 60% arabic gum showed the brighter color 

(48.22) and higher a* value (22.99)  compared to  that of maltodextrin. In addition, the highest bulk 

density of red beet powder (0.721) was achieved by using 60% gum arabic. In conclusion,  

application of 60% arabic gum is the optimum condition to produce a good quality of red beet 

powder. 

 
Keywords: red beet, arabic gum, maltodextrin, Solar Tunnel Dryer 
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1. INTRODUCTION 

1.1.  Background 

Currently many food and drink products that 

use additional food dyes. Color is very 

important in food industry because it could 

affect the mind consumers of food products. 

Food dyes that are used include natural and 

artificial dyes. Dyes from natural sources is 

very rare due to the expensive price. In 

Indonesian, this triggered the use of non-food 

chemical dyes that are harmful to health like 

Rhodamin B and Metanil yellow. Both the 

ingredient is actually coloring matter textil 

but often used as food coloring since their 

prices appertain cheap and easily acquired. 

Data from the Pengawas Obat dan Makanan 

(POM) about extraordinary events (of the 

Outbreak) food poisoning from 2001-2006 

shows an  increase in both the number of 

events or the number of victims who fell ill 

and died. Nevertheless, the victim dies of 

suspected might be just 1% only in 

accordance with the World Health 

Organization (WHO) estimates. POM data in 

5 provinces in 1999-2001 shows that about 

89,8% food products contain food additive 

consisting of 35.6% food products contain 

boraks, 41.2% contain formalin, 10.4% 

contain Rodhamin B and 1.9% containing 

amaran.  

To answer that problems  is by developing 

the potential cheap natural dye. Natural 

pigment of plants get  more attention to 

replacing synthetic dye food coloring which 

proved to give effect to the human and 

environmental health. One of the natural Red 

dyes that can be used as a food coloring 

derived from Red beet (Beta vulgaris L). 

Beets contain betalain pigments which are 

complex. These Betalains has attracted  to 

utilized in applicative due to its use as a food 

coloring and the presence of radical 

scavenging and antioxidant properties as a 

protection against the nuisance caused by 

certain oxidative stress. Pigment color red-

purple on beets is derived from betasianin 

which is called betanin. Beets contain betanin 

reach 200 mg/100 g. betasianin, like most of 

betanin in the metabolism of molecules 

called 3,4-di-hydroxyphenylalanine (L-

DOPA). 

 

1.2. Research Purposes 

This research aims to know the use of drying 

agent (Maltodextrin and Gum Arabic) on 

physicochemical changes n methods of 

drying using STD including antioxidant 

activity, moisture content, bulk density, 

intensity of color and red beet powder 

wetting ability. 

 

2. MATERIALS AND METHODS 

2.1. Materials 

The equipment used for the drying of beet 

red powder are slicer, analytic scales, spoon, 

measuring cup, a beaker glass, blender, pH 

meters, moisture balance, spectrophotometer, 

Chromameter CR-400. The materials used in 

the manufacture of red beet powder 
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maltodextrin DE 10, gum arabic, ascorbic 

acid.  

 

2.2. Methods 

2.2.1. Sample Preparation 

Fresh red beets are separated and washed to 

clean then peeled the skin. Red beets that 

have been peeled sliced with uniform 

thickness using the slicer. 

 

2.2.2. Immersion in Drying Agent 

Red beet slices dipped into the drying agent. 

Drying agent that used was maltodextrin and 

gum arabic each with a concentration of 

20%, 40%, and 60% in aquades. Added 

Ascorbic acid until the pH reach 4. 

 

2.2.3. Drying with STD 

After dipped with drying agent, red beets are 

styled in the tray that is found in STD. 

Drying is performed until the red bits 

moisture content below 10%. 

 

2.3. Analysis 

2.3.1. Moisture Content Analysis 

Moisture content of red beets each treatment 

is calculated using moisture balance. Then 

dried using STD. weight of red beets with 

analytic scales weighed every 20 minutes to 

know water levels decrease until it reaches 

below 10%. Data results weighing heavily 

red bit is inserted into the formula. 

 

2.3.2. Antioxidant Activity Analysis 

Samples about 0,5 grams of red beet powder 

dissolved in 5 ml of aquades. The sample as 

much as 0.1 ml is reacted with 3.9 ml 

solution of DPPH (2,4 mg in 100 ml of 

methanol DPPH). After it is stored in a dark 

room for 30 minutes at  room temperature 

and protected with aluminum foil. T then the 

sample measured using a spektofotometer 

with a wavelength of 515 nm. DPPH solution 

standard stored at a temperature of 4
o
C and 

protected with aluminum foil to keep it from 

the influence of the light effect. The 

antioxidant activity was calculated as % 

discoloration by using the formula below: 

% 𝑑𝑖𝑠𝑐𝑜𝑙𝑜𝑟𝑎𝑡𝑖𝑜𝑛 =  1 −
𝐴𝑡30

𝐴𝑡 0
 𝑥100% 

Notes: At30 is absorbance at 30 minutes and 

control absorbance is At0 

 (Apriyantono et al., 1989). 

 

2.3.3. Bulk Density Analysis 

Bulk density analysis done by inserting 

samples into a container of known volume to 

the brim then weighed. Bulk density is 

measured by comparing the mass of powder 

sample bit with volume container (bulk). 

Bulk density is expressed in units of g/cm3 

(Sharma et al, 2000). 

Weight of material = ( weight of the 

container + material )  

Bulk Density = 
weight  of  the  container

volume  container
 

Volume Container = π.R
2
.t 
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2.3.4. Wetting Ability Analysis 

This measurement is used to determine the 

ease of the powder is moistened expressed in 

units of seconds. A number of 150 ml water 

in a glass cup 600 ml wide mouth and closed. 

As many as 1 gram beetroot powder added to 

the surface of the water is calm and then 

records the time formed the starting count 

since pouring until all the powder is wet 

(Hartomo & amp; Widiatmoko, 1993). 

 

2.3.5. Color Analysis 

Color analysis done using the MINOLTA 

Chromameter 200 series (CR-200). 

Chromameter calibrated in advance by firing 

on a white plate. Once calibrated, 

chromameter is used to measure the color 

samples. Red beet powder sample is placed 

on the clear plastic then measured with a 

chromameter. Units of color emerges is L *, 

a *, and b *. L value indicates the level of 

brightness of the sample, i.e., a value of 0 

means the absolute black and 100 means 

white. The value of b is one attribute that 

indicates with a scale (-70) to 70. The value 

of b is negative indicates the degree of bluish 

while the positive values of b indicates the 

degree of yellowish. The value of a shows a 

reddish or greenish sample (Hutching, 1999). 

 

 

 

 

 

 

3. RESULTS AND DISCUSSION 

3.1. Moisture Content of Red Beet Powder 

Table 1. Moisture Content of Red Beet 

Mixed Maltodekstrin 

 

This research use the drying method of Solar 

Tunnel Dryer (STD) until the moisture 

content below 10% and counted the water 

level every 20 minutes.  The temperature 

recorded during the drying process of red 

beets are 70±5
o
C. Test results on the water 

content of red beets with maltodekstrin 

contained in table 1, it can be known that 

drying by using a maltodekstrin 40% and 

60% is the quickest drying, but water levels 

decrease red beets with maltodekstrin 60% is 

faster. 

 

Table 2. Moisture Content of Red Beets 

Mixed Gum Arabic 
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Based on data of table 1 and 2 about the 

decrease in moisture content of red beets can 

be seen that the use of maltodextrin has a 

faster drying time compared to using gum 

arabic. This happens because the gum arabic 

is heteropolimer compact so it can withstand 

stronger material water. Maltodextrin has a 

lower molecular weight and molecular 

structures are much simpler, so that water can 

easily evaporated when the drying process 

takes place either in the form of the free 

water, bound to physically and chemically 

bound. While at the gum arabic has a higher 

molecular weight and molecular structure is 

more complex, there is a large amount of 

starch in them so that their nature is more 

hygroscopic and consequently the complex is 

water on material more difficult evaporated is 

stuck causing the drying time of red beets to 

be longer (Dickinson 2003). 

 

3.2. Antioxidant Activity of Red Beet 

Powder 

Table 3. Antioxidant Activity of Red Beet 

Powder with Drying Agent 

 

The highest antioxidant found in red beet 

powder with 0% maltodekstrin or control, 

while using maltodekstrin can be seen that 

higher concentration used the lower the % 

Inhibition or its antioxidant activity. While 

the use of gum arabic can be known that the 

use of the concentration of 60% in the real 

effect on antioxidant activity of red beet 

powder. Antioxidant activity of red beet 

powder with gum arabic is so much better 

than maltodextrin. This happens because the 

gum arabic can improve stability with 

increased viscosity. The type of thickener is 

also heat resistant to process that uses heat 

but it is better if the heat is controlled to 

shorten the heating time, given the gum 

arabic can be degraded slowly and lacked 

efficiency emulsification and viscosity, so the 

constituent components of antioxidants like 

betalain is not damaged by warming. 

Decreased antioxidant activity that occurs in 

the red beet powder added with maltodextrin 

with the higher concentration, caused by the 

increasing number of total solids contained in 

the material is maltodextrin so the total 

phenolic the less measurable. The level of 

antioxidant activity in red beet due to the 

content of phenolic compounds. The content 

of flavonoids and phenolic acids in red beet 

is very low (Czapski et al., 2009). 

 

3.3. The Color Red Beet Powder 

Table 4. Red Beet Powder Color Using a 

Drying Agent 
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The largest value of L* in powder gum 

Arabic concentration bit with 60% indicating 

the color of the powder is getting brighter. 

An a* and b* are also contained on the 

highest of the powder with a drying agent 

gum Arabic with a concentration of 60%, this 

indicates that the color red beet powder tends 

to be more red compared to using 

maltodextrin. While the color control powder 

tends toward dark red color.  

 

The use of drying agents such as 

maltodextrin and ascorbic acid will lower the 

pH of the product on the network, so it will 

inactivate the polyphenol oxidase enzyme 

that can cause discoloration and decrease in 

antioxidant activity (Winarno, 2002). The 

theory is supported by the statements above 

Sunarmani and Soedibyo (1992), in the 

manufacture of flour Siam oranges, use the 

smaller concentrations are 5.0% better than a 

higher concentration is 7%, due to the higher 

concentration of filler material, the color 

products will be further away from the 

original color.  

This causes the brightness of color red beet 

powder is inversely proportional to the 

concentration of maltodextrin, which means 

the higher maltodextrin given as a drying 

agent, then the color of the powder will be 

getting darker. Color of maltodextrin is also 

affect the color of the white pigments. In 

other words, the color of the products would 

be further away from the original color. This 

also causes the color of the powder with a 

drying agent gum arabic brighter than 

maltodextrin. A layer of film maltodextrin 

has the proportion of solids that are higher 

than those of gum arabic, because of the 

degree of conversion is lower than the gum 

arabic (Stephen, 1995). 

 

Figures 1. a* and b* Values of Red Beet 

Powder with Gum Arabic 

  

3.4. Bulk Density of Red Beet Powder 
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Table 5. Bulk Density of Red Beet Powder 

Using Drying Agent 

 

Based on the observations in the table 5 it 

can be seen that the use of gum arabic 

produced powders with bulk density better 

than using maltodextrin. The addition of gum 

arabic powder causes a higher bulk density 

than the bulk density of the powder with the 

addition of maltodextrin. Maltodextrin film 

coating solids have a higher proportion than 

gum arabic,  because the degree of 

conversion is lower than gum arabic 

(Stephen, 1995). Gum arabic is a natural 

polymer composed mostly of polysaccharides 

with high molecular weight and contain 

calcium, magnesium, potassium and high 

potassium, which produces arabicinose, 

galactose, glucuronic acid ramnosa and after 

hydrolysis (Almuslet, et.al, 2012). While 

maltodextrin is usually distinguished by the 

value of DE (Dextrose Equaivalency). The 

value indicates multiplicity DE sugar 

reduction calculated as dekstrosa (Hui, 

1992). DE value is inversely proportional to 

molecular weight, maltodextrin with the 

lowest score is usually non-hygroscopic 

whereas DE maltodextrin with higher (lower 

molecular weight) is hygroscopic. This is 

also the effect on the higher concentration of 

drying agent the greater bulk density are also 

produced. 

 

3.5. Red Beet Powder Wetting Capability 

 

 

Table 6. Red Beer Powder Wetting 

Capability Using Drying Agent 

 

Measurement of wetting capability aims to 

determine the solubility of red beet powders 

produced at different drying agent. The 

solubility of red beet powder to be applied in 

determining the ease with which the food 

product is easily soluble powder would be 

easy to make and produce texture and good 

color uniformity. Unlike the other tests, the 

wetting ability by using maltodextrin having 

wetting time is faster than using gum arabic. 

The structure of each granule types of 

binders are also affecting the solubility of red 

beet powder. Gum arabic has a molecular 

structure that is more complex than the 

maltodextrin, and has a number of starch in 

it, so the nature of gum arabic is more 

hygroscopic. Starch re-polymerization 

process with the help of acid at the time 

dekstrinisation make maltodextrin molecules 
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are split into smaller sizes with more 

hygroscopic component, so that when 

subjected to heating by low pressure, 

damaged starch particles. As a result of water 

easily switch to it while releasing 

components that are easily soluble in water, 

hence the high solubility (Loksuwan, 2006). 

 

In addition to the mass of powder solubility 

in water is influenced by the water content of 

the mass of material that is dissolved. 

Moisture content of materials of high mass 

causes a mass of such material becomes 

difficult to spread or dispersed in water, 

because the materials tend to be sticky. Thus 

no pore formed and the mass of the material 

is not able to absorb large amounts of water. 

In addition, the mass of material with a 

higher moisture content has a narrow surface 

to moistened, because large particle mass so 

that the sticky side of the particle mass. 

Solubility level also determines the amount 

of mass diffusion mass exists in the 

component materials. The higher the degree 

of solubility in water then the diffusion 

components into a mass of material the 

higher (Straatsma et al., 1999). According to 

McDonald's (1984), maltodextrin has less 

hygroscopic properties, less sweet, have a 

high degree of solubility and tend not to form 

a color reaction browning. 

 

4. CONCLUSION 

Drying agent for the manufacture of beet red 

powder the most optimum use is gum Arabic 

with a concentration of 60%, which can 

increase antioxidant activity, the brightness 

and the color intensity is higher, as well as 

bulk density is the highest compared to 

maltodextrin. Maltodextrin advantages 

compared to gum arabic are faster drying 

time and red beet powder wetting capability 

increasingly rapidly. 
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ABSTRACT 

 

Product innovation is commonly regarded as a major success factor in aggressive and competitive 

food markets for both small and big food industries. As food technology, becoming a social 

responsibility to help small food industries to grow and face the competitive of food market. 

Pumpkin is one plant widely grown in Indonesia. The benefits and potential of pumpkin has been 

widely researched and proven contain high antioxidant, vitamin and mineral. This research have 

purpose to help small bussines food industries based on pumpkin in Getasan, Kopeng to develop a 

new inovative product. The objective is to make inovative product from pumpkin with simple 

method, easy to aplicate, but have highly added value. There are two innovation developed in this 

project, they are lidah kucing pumpkin cookies and pumpkin jam. This new product have great 

economic value, they can be sold at a good price range, and providing good profit for the small 

industries. The method used in this research are formulation of lidah kucing pumpkin cookies and 

pumpkin jam product. Also create marketing strategy to promote this product. Later, to reach 

national market acceptance can be set as the next goal, by utilizing modern marketing strategy, 

such as using social media for promoting, benchmarking, etc. Through those marketing strategies, 

in the long term, producing pumpkin food products can become the right arrow, to put a real step in 

food industry business. From this innovation product is then can enrich the product diversity and 

develop the entrepreneurship of local residents. 

 

Keyword : pumpkin, product innovation, cookies, jam, marketing 
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1.INTRODUCTION 

Small industries are the root of economic 

system in Indonesia. There are many small 

business, from garment, souvenir, until food 

business, which  support  and  play important 

role in Indonesia‘s economic system. So that 

helping those small business to grow, is as 

same as helping strengthen economic system 

in Indonesia. As food technologist, becoming 

a social responsibility to help small food 

industries to grow and face the competitive of 

food market. 

 

Pumpkin (Cucurbita maxima Duch) is local 

fruit from Indonesia which has high potential 

to contribute in food diversification. It has 

high nutrition such as protein, fat, 

carbohydrate, vitamin A, vitamin B, vitamin 

C, magnesium, and phosphor. Thus, this fruit 

has  good effect for health especially for 

diabetic, hypertension, and alergic. 

Acceptable price and long shelf life of this 

pumpkin (Sudarto, 1993). It is another reason 

for processing it into functional product such 

as cookies and jam. Pumpkin is high in β-

carotene, which gives it yellow or orange 

color. β-carotene in plants that have a 

pleasant yellow-orange color is a major 

source of vitamin A (Lee, 1983).  

 

Getasan, one of a subdistrict in Semarang is 

located near tourism sites, Desa Wisata 

Kopeng. This site attracts local residents to 

participate and use the opportunity for 

industry, and food industry become one 

option. Getasan is also well known with its 

agriculture crop product. One of its biggest 

commodity is pumpkin. Because of that, 

processing pumpkin into a new creative and 

innovative products is potential to increase 

local residents‘ wealth. 

 

Lidah kucing cookies is one of favorit in 

Indonesia. This cookies have a form like a 

cat's tongue, so called lidah kucing in bahasa. 

Innovation on lidah kucing cookies it what 

the market needs at this time. This is because 

the time is close with Eid al-Fitr Day, and 

also perfect time to launch new cookies 

product. And mostly people like this cookies. 

 

Besides cookies, consuming bread with jam 

for breakfast now being a new habit for 

Indonesian. Therefore, production of 

pumpkin jam will provide food product for 

better taste and maintain people‘s health 

because the nutrition content. Jam was made 

from fruit and sugar (Margono, 1993). The 

aim of this research is giving an innovative 

way to produce pumpkin jam and lidah 

kucing pumpkin cookies with simple 

technology which is expected have high 

competitiveness. 

 

2.MATERIALS AND METHODS 

2.1.The Program Target 

This project is included in Service Learning 

Program in Getasan Village, Semarang. This 

program‘s aim is to help local residents 

develop their local commodity, to encourage 
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entrepreneurship, and then give impact to 

their increasing income. This program was 

conducted in 2 local entrepreneur. The first is 

Ibu Nurdjanah. Ibu Nurdjanah has a home 

industry named Rumah Waloeh Rizky. This 

industry produce many kinds of creative 

pumpkin products. Now, this small industry 

has 11 kinds of product. The second one is 

Ibu Nanik, she also has a pumpkin based 

food home industry. Both of them distributed 

their product only in local areas. 

 

2.2.Lidah kucing Pumpkin Cookies 

Making 

Combine the butter and sugar in the bowl of a 

mixer, process until light and fluffy. Add egg 

whites, one at a time, mixing well after each.  

Add the flour, pumpkin and egg yolk, then 

mix it well. Put the batter into a piping bag, 

and pipe onto the sheet in a small and  long 

shape. Bake them for 10 minutes (200 
0
C) 

until the cat‘s tongues are light golden 

brown. Cool the cookies on the baking sheet 

for seconds, and then transfer them to a wire 

rack to cool. Small sensory test are used to 

know the consumer acceptance for this 

product. In this research, preparation of 

pumpkin through three variables they are 

steamed, grated and use juicer then squeezes. 

And to find the best pumpkin cookies 

formulation, there are three formulation of 

each variable, the different is on the ratio 

between pumpkin and flour. 

 

 

2.3.Pumpkin Jam Making 

For making yellow pumpkin jam, firstly the 

pumpkin was mashed with blender and 

mixed with sugar then heated. After that, 

another material was added and stirred until 

dissolved. 

 

Formulation 1 : Firstly the 1 kg pumpkin was 

mashed with blender and mixed with sugar 

then heated. Then, 2 g pectin and 1 kg sugar 

was added, stirred and put 3 g citric acid to 

heat together until boiled.  

 

Formulation 2 : 167 g yellow pumpkin was 

mashed with blender and heated for 15 

minutes together with 50 ml water. Then, 100 

g sugar, 1,5 tsp citric acid, and 1 tsp agar 

powder was added gradually.  

 

Formulation 3 : 250 g of yellow pumpkin 

shredded and heated. Then, 250 g sugar was 

added and stirred until dissolved. When the 

mixture started to thick, agar powder and 

lemon juice was added. 

 

3.RESULTS AND DISCUSSION 

In this research the small food industry is a 

pumpkin based food industry. This small 

business produce many traditional food 

products from pumpkin. For example geplak, 

syrup, stick, and so on. This business is 

started by small family since years ago, and 

now become quite popular in central java 

province. However, looking at the 12 years 

business history, we can say that their 
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achievement is still less satisfactory. After 

years build this business, their market are still 

limited to central java province only.  

 

We tried analyzing the problem, and found 

that there are 2 major problems in their 

business, which are : 

1. They tend to lack in marketing aspect.  

2. They aren‘t productive in making new 

pumpkin product innovation 

 

First, regarding marketing problem, their 

business lacks in strategy. Their marketing 

strategy up until now, is just utilizing mouth-

to-mouth strategy, and sometime through 

local magazine, which isn‘t give much. Local 

magazine only can reach central java market, 

because it only being sold in that area. While 

for mouth-to-mouth is worse, because it only 

effective to inform the society that live near 

the production site. As the result, their market 

is stagnant, only circle around central java 

area for 12 years.  

 

This is such a pity, to see that they cannot 

reach bigger achievement, while their 

products are good quality and affordable. 

They have what is needed to be success, but 

they just don‘t know how. Nowadays, 

internet and social media is a very powerful 

tool to inform the society. Because everyone 

can easily have access to them, whenever, 

and wherever they are. Realizing this fact, its 

good to decide upgrade their marketing 

strategy, by utilizing those two items. 

Internet and social media (using website and 

facebook application). Their record to 

promote business are already known and 

proven by other people before. Moreover, 

promoting through them don‘t require much 

amount of money. So in other word, tehy‘re 

effective and affordable. Very good and 

suitable combination for small business, 

which don‘t have much capital to begin with. 

 

Second regarding new pumpkin food 

innovation. They only have some traditional 

products which are same and not developing 

since years ago. For example geplak, syrup, 

stick, and so on. As the matter of fact, those 

traditional foods actually are delicious. 

However, the problem here is the market 

being bored, because only meet same 

products from time to time. When there are 

another parties that produce more modern 

foods from pumpkin, their traditional food 

products start to lost in the market 

competition. For solving that problem, we 

tried to look for new pumpkin food product 

innovation. In this research, devided into two 

innovated product, they are lidah kucing 

pumpkin cookies and pumpkin jam.  

 

3.1.Lidah kucing Pumpkin Cookies 

Innovation lidah kucing cookies choose 

because this cookies liked by mostly people. 

And when this research did, its close by Eid 

al-Fitr Day. People who celebrate Eid al-Fitr 

Day, will need to buy delicious cookies to 

serve their family member, who come to their 
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home to strengthen their family bound. 

Looking at this moment, we believe that 

lidah kucing pumpkin cookies have big 

opportunity to be well accepted by society. 

It‘s extraordinary, delicious, full of nutrition, 

but still affordable one for serving even big 

family member. This cookies also can eat at 

normal day, because it is have a good taste, 

can became  snack or can serve if guest come 

to our house. 

 

For innovate lidah kucing pumpkin cookies, 

the flour will substitusied with pumpkin, so it 

would reduce the amount of flour used. In 

addition, pumpkin also give spesific unique 

flavor to the cookies. In this research, 

preparation of pumpkin through three 

variables they are steamed, grated and use 

juicer then squeezes. And for find the best 

formulation through three formulation 

combine with three variables of pumpkin 

preparation. Steamed, grated, and use juicer 

is choosen because all of that method is easy 

to aplicate, and doesnt need complex method 

to do, compare with pumpkin pumpkin 

powder making. Pongjanta et al.(2003) 

revealed that pumpkin powder produced by 

juice extraction and cabinet drying then 

ground with pin mill and sifted through an 80 

mesh sieve was cheap to produce. 

 

Formulations of  variable using juicer and 

squeezed can successfully due to the way of 

water removed with better than any other 

way. Then using juicer, the pumpkin has a 

smooth pieces so the products can be slightly 

crunchy texture and strong pumpkin flavor 

(Table 1). After the formulation of the 

cookies, so followed by a small survey to 

inquire about the overall taste of the cookies. 

This survey also done by asking Ibu nanik 

and her husband about the overall taste of the 

final cookies. 

 

3.2.Pumpkin Jam 

Jam is a mixture of fruit that contains pectin 

and acid, also sugar added to make a thick 

and sticky but easy to spread (jam-like 

texture) mixture (BPTP Yogyakarta, 2013). 

Formulation became an important step to 

make the best quality and well accepted jam.
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Table 1. Result of lidah kucing pumpkin cookies formulation 

 Material Formulation 1 Formulation 2 Formulation 3 

Steamed Margarine 100 gr 100 gr 100 gr 

Powdered 

sugar 
100 gr 100 gr 100 gr 

Flour 50 gr 60 gr 75 gr 

Pumpkin 50 gr 40 gr 25 gr 

Egg whites 2 2 2 

Egg Yolk 1 tsp 1 tsp 1 tsp 

Evaluation 

Lost of pumpkin 

flavor, texture not 

crispy 

Lost of pumpkin 

flavor, texture 

not crispy 

Lost of pumpkin flavor, 

texture not crispy, but 

better than formulation 1 

and 2 

Grated Margarine 100 gr 100 gr 100 gr 

 
Powdered 

sugar 
100 gr 100 gr 100 gr 

 Flour 50 gr 60 gr 75 gr 

 Pumpkin 50 gr 40 gr 25 gr 

 Egg whites 2 2 2 

 Egg Yolk 1 tsp 1 tsp 1 tsp 

Evaluation 

Less pumpkin 

flavor, texture not 

crispy, there are 

chewy texture in 

gourd grate 

Less pumpkin 

flavor, texture 

not crispy, there 

are chewy 

texture in gourd 

grate 

Less pumpkin flavor, 

texture not crispy, there are 

chewy texture in gourd 

grate, but better than 

formulation 1 and 2 

Use Juicer 

and 

squeezed 

Margarine 100 gr 100 gr 100 gr 

 
Powdered 

sugar 
100 gr 100 gr 70 gr 

 Flour 50 gr 60 gr 75 gr 

 Pumpkin 50 gr 40 gr 25 gr 

 Egg whites 2 2 2 

 Egg Yolk 1 tsp 1 tsp 1 tsp 

Evaluation 

The pumpkin 

flavor is tastes, 

texture crispy 

The pumpkin 

flavor is tastes, 

texture crispy 

The pumpkin flavor is 

tastes, texture more crispy 

than formulation 1 and 2, 

the sweetness good 

enough, because sugar 

revised to 70 gr. 
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Figure 1. Result of Formulation 1, 

Formulation 2, Formulation 3 

 

Table 2. Texture Result of Jam Formulas 

Formula Materials Added Texture 

1 
Pectin + citric 

acid 

Watery, too 

soft, less 

thick 

2 
Citric acid + agar 

powder + water 

Hard, 

difficult to 

spread 

3 
Lemon + agar 

powder 

Thick, 

sticky, soft 

There were 3 formula tried in this project. 

The first formula used pectin and citric acid, 

the second used citric acid, agar powder, and 

water, and the third formula used lemon and 

agar powder.The result shows that different 

formula yield in differences of physical 

appearance of product (Table 2). The first 

formula, which used pectin and citric acid 

had a watery texture, too soft and less thick. 

This formula didn‘t show the jam-like 

texture, which is thick and a little bit sticky. 

The pectin is basically contained in the fruit, 

but it is necessary to add more pectin, to use 

as gelling agent in making the jam-like 

texture. Meanwhile, the citric acid is used to 

strenghten the taste of the fruit(BPTP 

Yogyakarta, 2013).The proper level of 

acidity is critical to gel formation in making 

jam. If there is too little acid, the gel will 

never set but if too much, the gel will lose 

liquid (Albrecht, 2010). Based on this 

reference, too much citric acid added can be 

a reason for the watery texture because the 

gelling formation is not happen. The second 

formula used citric acid, agar powder, and 

water. This mixture yield a hard texture of 

jam. Agar powder, alginate, pectin, 

carrageenan, and gelatin is gelling agent type  

 

of hydrocolloids. This type disperse in water 

to give a thickening or viscosity producing  

effect. While all hydrocolloids thicken and 

impart stickiness to aqueous dispersions, a 

few biopolymers also  have another major   

property   of   being able to form gels. Gel 

formation is the phenomenon involving the 

association or cross-linking of the polymer 

chains to form a three dimensional network 

that traps or immobilises the water within it 

to form a rigid structure that is resistant to 

flow. The textural and sensory properties also 

depend on the hydrocolloid employed 

(Glicksman, 1982). Adding too much agar 

powder could be the reason of the hardness 

of the jam. 

 

The third formula shows the best texture and 

taste. This formula used lemon and agar 

powder. Citric acid can be replaced with 

lemon, which is more natural and easier to be 

found by local residents as Albrecht (2010) 

says that for fruit that low in acid content, 

such as pumpkin, material which contain acid 

ingredient can be used, such as lemon 

juice.Agar powder can act as gelling agent as 

well as pectin. The mixture of these more 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3551143/#CR18
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natural materials yielded in best texture and 

taste of the jam. 

 

Jam produced from formulation three then 

packaged into jam bottle. But, before filling 

the jam, the bottle was sterilized to kill all 

microorganism and prevent contamination 

(Winarno, 1994). Thus, the shelf life of jam 

will increase. This jam has market potential 

due to its taste and functional content.  

 

4.CONCLUSION 

The best formulation of lidah kucing 

pumpkin cookies using  variable juicer and 

squeezed, then the best condition if we add 

sugar only 70 g. The best of jam making is 

formulation three, with condition of yellow 

pumpkin already shredded and heated, added 

with sugar and stirred until dissolved and 

started to thick, agar powder and lemon juice 

was added after that. 
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ABSTRACT 

 

Nowadays, food safety becomes public concern, especially in fresh produce; fresh vegetables and 

fruits. The CDC has been reported at least 7 outbreaks from fresh produce in the past 3 years; for 

example, Escherichia coli O121 in raw clover sprouts (2014), E. coli O157:H7 in ready-to-eat 

salads (2013), Salmonella Saintpaul in cucumbers (2013), Salmonella Typhimurium and Newport 

in cantaloupe (2012), and  E. coli O157:H7 in spinach and spring mix salad (2012).  Washing, 

before consuming, is the most important step in order to prevent foodborne outbreak in fresh 

produces. Therefore, this research was aimed to develop vegetable sanitizer from crude extracts of 

Acacia concinna (Willd.) D.C (Som-poi), Capsicum annuum (Chili), Cymbopogon citratus 

(Lemongrass), Citrus hystrix (Kaffir lime) and Chrysanthemum indicum  L. (Chrysanthemum) in 

order to reduce foodborne bacteria in fresh vegetable. These herbs have been reported for their 

antibacterial activity (Pitinidhipat and Yasurin, 2012; Utami et al., 2012; Saenghiruna and Yasurin, 

Lazuardi et al., 2013; 2013; Piya-isarakul and Yasurin, 2013; Saenghiruna et al., 2014; Dung et al., 

2014).  The 18 treatments with 3 different crude extracts percentage (0.5, 1 and 1.5%), 3 different 

volumes (3, 5, and 10 ml.) and 2 different soaking times (10 and 20 min) were investigated for their 

antibacterial synergistic activity using Lactuca sataiva (Lettuce) as vegetable model. The MPN, 

total place count on PCA, BHI agar for Listeria monocytogenes count, and SS agar for Salmonella 

sp. count were used to evaluate the antibacterial efficiency of vegetable sanitizer. The results 

showed that treatment 18 (using 10 ml of 1.5% crude extracts with 20 min soaking time) gave the 

highest bacterial efficiency statistically by vegetable sanitizer comparing with the commercial 

brand.  The MPN number, the total plate count, and the L. monocytogenes count were 1.34 ±0.19 

MPN/ml, 1.62 ± 1.02 log CFU/ml,   and 1.31 ± 0.40 log CFU/ml, respectively.  The Salmonella sp. 

was not found.  The t-test has been done by using SAS on log CFU/ml with P0.05.  It was found 

that crude extract percentage, used volume, and soaking time affected the antibacterial efficiency of 

this vegetable sanitizer. 

 

Keywords: Vegetable sanitizer, Thai Local Herb, Crude Extract, Foodborne bacteria 

 

 

mailto:patchaneeYsr@au.edu


 

3
rd

 International Student Conference 

―Greening The Food Industry : Innovation for Sustainibility‖ 

Department of Food Technology, Soegijapranata Catholic University Semarang 

Tuesday, September 2
nd 

 ,2014 

44 

 

1.INTRODUCTION 

Nowadays, food safety becomes public 

concern, especially in fresh produce; fresh 

vegetables and fruits. The Centers for 

Disease Control and Prevention (CDC) has 

been reported at least 7 outbreaks from fresh 

produce in the past 3 years; for example, 

Escherichia coli O121 in raw clover sprouts 

(2014)
 [1]

, E. coli O157:H7 in ready-to-eat 

salads (2013)
 [2]

, Salmonella Saintpaul in 

cucumbers(2013)
 [3]

, Salmonella 

Typhimurium and Newport in cantaloupe 

(2012) 
[4]

, and  E. coli O157:H7 in spinach 

and spring mix salad (2012) 
[5]

. Washing, 

before consuming, is the most important step 

in order to prevent foodborne outbreak in 

fresh produces. Interestingly, Thai herbs has 

been used for a large range of purposes 

including medicine, nutrition, flavorings, 

beverages, dyeing, repellents fragrances, 

cosmetics, charms, smoking, and industrial 

uses. Therefore, this research was aimed to 

develop vegetable sanitizer from crude 

extracts of Thai herbs. 

 

Acacia concinna (Willd.) D.C (Som-poi), 

Capsicum annuum (Chili), Cymbopogon 

citratus (Lemongrass), Citrus hystrix (Kaffir 

lime), and Chrysanthemum indicum L. 

(Chrysanthemum) have been reported for 

their antibacterial activity under different 

extraction conditions. 
[6] [7] [8][9][10]

  In 

addition, these herbs have been reported for 

their antibacterial activity
 
and also contain 

innumerable constituents and are valuable 

sources of new and biological activity 

molecules possessing antimicrobial 

properties 
[11]

. 

 

Therefore the objective of this research is to 

develop vegetable sanitizer from Thai local 

herbs; A. concinna (Willd.) D.C (Som poi), 

C. annuum (Chili), C. citratus (Lemongrass), 

C. hystrix (Kaffir lime), and C. indicum L. 

(Chrysanthemum).  

 

2.MATERIALS AND METHODS 

2.1.Preparation of crude extract  

Plant samples: A. concinna (Willd.) D.C 

(Som -poi), C. annuum (Chili), C. citratus 

(Lemongrass), C. hystrix (Kaffir lime), and 

C. indicum L. (Chrysanthemum) were bought 

from local fresh market on Bangkapi, 

Bangkok, Thailand. The herbs were cut into 

small pieces and dried in air oven (Memmert, 

UM500) at 45
o
C for 20 hours. Then, dried 

herbs were blended by using blender to 

reduce the size of herbs. The herb powder 

was stored in refrigerator at 4°C until use. 

 

2.2.Preparation of crude extract  

The 20 g of herbs powder was weight on 

Top-loaded balance (1 decimal) (ZEPPER 

model ES-300) Then, 100 ml 95 % Ethanol 

was added and soaked for 24 hours at room 

temperature and shake at 120 rpm by shaking 

incubator (LSI-3016R model). After that, the 

liquid part was filtered out. Then, supernatant 

was evaporated paper by rotary evaporator at 

120 rpm, 45
o
C for 15 minutes until 

supernatant become slurry crude extract. The 

crude extract was diluted to 0.2g/ml by using 

95% ethanol. It was kept in freezer at -20
o
C 

until use. 

 

2.3.Preparation of Som-poi water 

The 100g  A. concinna (Willd.) D.C (Som 

poi) power was boiled with 500 ml water for 

30 minutes, stirred every 10 minutes. The 

temperature was in range between 95-98°C. 

Then Som-poi water was cool down to room 

temperature before using as vegetable 

sanitizer base.   

 

2.4.Preparation of vegetable sanitizer 

For one vegetable sanitize using the 10 ml 

Polysorbate Tween20 was weighed, mixed 

with 90ml Som-poi water and stirred for 15 

minutes. Then, 0.2g Disodium-

ethylenediaminetetraacetate  (2NaEDTA) 

was added and stirred for 15 minutes. Then 4 

types of 95% crude crude extracts; C. 
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annuum (Chili), C. citratus (Lemongrass), C. 

hystrix (Kaffir lime), and C. indicum L. 

(Chrysanthemum) were added with 3 

different percentage (0.5, 1 and 1.5%). The 

formulas were in the table1. 

 

Table1 The formula of vegetable sanitizer 

95%                       

Crude               

Ethanolic           

Extract  

0.2 g/ ml 

Percentage 

Formul

a 1 

Formul

a 2 

Formul

a 3 

Lemongrass                   

(C. hystrix) 

0.5 1.0 1.5 

Chili                            

(C. annuum) 

0.5 1.0 1.5 

Kaffir lime                  

(C. citrates) 

0.5 1.0 1.5 

Chrysanthemu

m (C. indicum  

L.) 

0.5 1.0 1.5 

 

2.5.Antibacterial Assay 

Lactuca sataiva (Lettuce) was used as a 

vegetable model. The lettuce was soaked. 

The swap method was used to evaluate 

antibacterial efficiency. The plate count agar 

(PCA), Brain Heart Infusion (BHI) agar, and 

Salmonella-Shigella (SS) agar were used for 

total plant count, Listeria monocytogenes 

count, and Salmonella sp. respectively. The 

most probable number (MPN) method was 

used for coliform bacteria count by using 

Lauryl sulfate tryptose (LST) broth. The 

3×3×2 factorial design in the randomized 

complete block design (RCBD) was applied 

to this study. There were 3 formulas (formula 

1, 2, and3), 3 used volume (3, 5, and 10ml), 

and 2 soaking time (10 and 20 min), total of 

18 treatments. Each treatment was done 

duplicate 3 times independently. The results 

were compared with 2 commercial brands; 

Veggie and Jidrada. 

 

2.6.Statistical Analysis 

The data were analyzed using SAS 

(Statistical Analysis System for 158 

Windows, Varsion 9.2, 2006, SAS Institute 

Inc., Cary, NC).  

 

3.RESULTS AND DISCUSSION:  

The vegetable sanitizer antibacterial 

efficiency is showed in table 2 – 5. 

 

Table2 The MPN/ml  

Note: Different superscript show significant 

different (P≤0.05) 

 

Table3 The log CFU/ml of total plate count 

on PCA  

 

Formula 

Used 

Volume 

(ml) 

Soaking Time (minutes 

10 20 

Formula 1 
 

3 2.95 ± 2.57 b 2.38 ± 0 d 

5 2.50 ± 2.10 d 2.18 ± 0 f 

10 2.18 ± 0 f 1.88 ± 1.46 i 

Formula 2 
 

3 2.47 ± 2.16 d 2.380 ± 0 d 

5 2.26 ± 1.72 f 2.05 ± 1.19 f 

10 1.97 ± 0 i 1.75 ± 1.16 i 

Formula 3 
 

3 2.34 ± 1.24 d 2.05 ± 1.19 d 

5 2.18± 0 f 2.05 ± 1.19 f 

10 1.85 ± 0.80 i 1.34 ±0.19 j 

Un-wash - 3.04 ± 0.00 a - 

Wash - 1.66 ± 0.00 c - 

Soak with 

tap water - 2.36 ± 1.24 d 2.32 ± 0.00 d 

Veggi 6 2.32 ± 0.00 d 1.42 ± 0.46 j 

Jidrada 3 2.66 ± 0.00 c 0.92 ± 1.22 j 
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Note: Different superscript show significant 

different (P≤0.05) 

 

Table4 The Log CFU/ml of Listeria 

monocytogenes count on BHI agar 

Note: Different superscript show significant 

different (P≤0.05) 

 

Table5 The Log CFU/ml of Salmonella sp. 

count on SS agar  

Note: ND = Not Detectable 

 

From table 2 to 4, un-wash and wash 

treatment gave the lowest bacterial efficiency 

statistically. The MPN number, the total plate 

count, and the L. monocytogenes count were 

3.04 ± 0.00 a, 1.66 ± 0.00 c MPN/ml, 2.46 ± 

1 a, 2.30 ± 1.30 c log CFU/ml,   and 1.78 ± 

1.30 a, 1.73 ± 1.30 c log CFU/ml, 

respectively. But use 0.5% crude extract the 

result show that The MPN number, the total 

plate count, and the L. monocytogenes count 

it is not different with soak with tap water 

treatment.  When increasing the percentage 

of crude extract (at 1%) the result different 

from the 0.5% crude extract.  

 

According to table 2-4, showed that highest 

crude extracts percentage, volumes, and 

soaking times gave better results in bacterial 

efficiency statistically.   

 

This result indicates that crude extract 

concentration, used volume, and soaking 

affect on antibacterial efficacy.   The result 

showed that using treatment 18; 10 ml of 

formula 3 with 20 min soaking time, gave the 

highest bacterial efficiency statistically. The 

Formula  

Used 

Volume 

(ml) 

Soaking Time (minutes) 

10 20 

Formula 1 
 

3 2.39 ± 0.70 b 2.31 ± 1.18 d 

5 2.29 ± 1.26 d 2.05 ± 0.76 f 

10 2.27 ± 0.76 f 2.21 ± 0.81 i 

Formula 2 
 

3 2.25 ± 1.40 d 2.15 ± 1 d 

5 2.21 ± 1.02 f 2.18 ± 1.01 f 

10 2.18 ± 1 i 2.11 ± 1.42 i 

Formula 3 
 

3 2.04 ± 1 d 2.03 ± 1.06 d 

5 2.24 ± 0.70 f 1.92 ± 1.18 f 

10 2.15 ± 1 i 1.62 ± 1.02 j 

Un-wash - 2.46 ± 1 a - 

Wash - 2.30 ± 1.30 c - 

Soak with 

tap water - 2.39 ± 1.51 d 2.26 ± 1.42 d 

Veggi 6 2.04 ± 1.42 d 1.40 ± 0.64 j 

Jidrada 3 2.32 ± 1.18 c 1.99 ± 1.32 j 

Formula  

Used 

Volume 

(ml) 

Soaking Time (minutes) 

10 20 

Formula 1 
 

3 2.39 ± 0.70 b 2.31 ± 1.18 d 

5 2.29 ± 1.26 d 2.05 ± 0.76 f 

10 2.27 ± 0.76 f 2.21 ± 0.81 i 

Formula 2 
 

3 2.25 ± 1.40 d 2.15 ± 1 d 

5 2.21 ± 1.02 f 2.18 ± 1.01 f 

10 2.18 ± 1 i 2.11 ± 1.42 i 

Formula 3 
 

3 2.04 ± 1 d 2.03 ± 1.06 d 

5 2.24 ± 0.70 f 1.92 ± 1.18 f 

10 2.15 ± 1 i 1.62 ± 1.02 j 

Un-wash - 2.46 ± 1 a - 

Wash - 2.30 ± 1.30 c - 

Soak with 

tap water - 2.39 ± 1.51 d 2.26 ± 1.42 d 

Veggi 6 2.04 ± 1.42 d 1.40 ± 0.64 j 

Jidrada 3 2.32 ± 1.18 c 1.99 ± 1.32 j 

Formula 

Used 

Volume 

(ml) 

Soaking Time (minutes 

10 20 

Formula 1 
 

3 1.84 ± 0.88 b 1.73 ± 1.02 d 

5 1.87 ± 0.72 d 1.94 ± 1.18 f 

10 1.92 ± 0.76 f 1.60 ± 1 i 

Formula 2 
 

3 1.81 ±1.15 d 1.74 ± 1.12 d 

5 1.73 ± 0.46 f 1.61 ± 0.74 f 

10 1.86 ± 1.06 i 1.65 ± 0.67 i 

Formula 3 
 

3 1.90 ± 1 d 2.13 ± 0.76 d 

5 1.740 ± 1 f 1.92 ± 0.76 f 

10 1.75 ± 0.76 i 1.31 ± 0.40 j 

Un-wash - 1.78 ± 1.30 a - 

Wash - 1.73 ± 1.30 c - 

Soak with 

tap water - 1.70 ± 11 d 1.71 ± 1.17 d 

Veggi 6 1.67 ±0.76 d 1.15 ± 0 j 

Jidrada 3 1.57 ± 0.40 c 1.73 ± 1.02 j 
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MPN number, the total plate count, and the 

L. monocytogenes count were 1.34 ±0.19 

MPN/ml, 1.62 ± 1.02 log CFU/ml,   and 1.31 

± 0.40 log CFU/ml, respectively with the 

1.5% crude extracts, 10 ml. and 20 minutes 

for soaking times. While, the 0.5 and 1 % 

crude extracts, 3 and 5 ml, and 10 minutes 

for soaking times are not significant 

different. 

For the commercial brand used 6 ml and 20 

minutes for soaking times of Veggi brand.  It 

gave the highest bacterial efficiency 

statistically. The MPN number, the total plate 

count, and the L. monocytogenes count were 

1.42 ± 0.46 MPN/ml, 1.40 ± 0.64 log 

CFU/ml, and 1.15 ± 0 log CFU/ml, 

respectively. 

 

When compare between Veggi brand; 20 min 

soaking time, and treatment 18; 10 ml of 

formula 3 with 20 min soaking time. As the 

result shows that The MPN number, the total 

plate count, and the L. monocytogenes count 

were 1.42 ± 0.46 j, 1.34 ±0.19 j MPN/ml, 

1.40 ± 0.64 j, 1.62 ± 1.02 j log CFU/ml,   and 

1.15 ± 0 j, 1.31 ± 0.40 j log CFU/ml, 

respectively. The bacterial efficiency 

statistically are not significant different 

between Veggi brand and treatment 18.  In 

general gram positive bacteria demonstrated 

more sensitivity to the spice. 
[12]

 Therefore, in 

treatment 18 use the formula contain chilli 

(C. annuum) and Chrysanthemum (C. 

indicum  L.), it produce promising 

antibacterial substances against B. cereus and 

L. monocytogenes too. 
[19] 

So the L. 

monocytogenes (gram positive) are sensitive 

in this treatment 18. 
 

In this experiment, the Salmonella sp. from 

table 5 was not found in the lettuce (L. 

sataiva). So, we found that the crude extracts 

of herbs have effect in bacterial efficiency in 

this experiment.  

 

However the using treatment 18; 10 ml of 

formula 3 with 20 min soaking time, gave the 

highest bacterial than the commercial brand 

because the activity of four herbs crude 

extracted (Lemongrass, chilli, kaffir lime, 

and Chrysanthemum)  against the growth of 

MPN number, the total plate count, the L. 

monocytogenes count and the Salmonella sp. 

count.  And also volume of sanitizer has 

effect in bacterial efficiency because the 

results show that when we use 10ml of 

sanitizer it better result compare with 

commercial brand. As the result, soaking 

time is the most important for this 

experiment. The better soaking is about 20 

minutes has effect in bacterial efficiency. 

In The Centers for Disease Control and 

Prevention (CDC) has been reported at least 

7 outbreaks from fresh produce in the past 3 

years; for example, the coliform bacteria as 

Escherichia coli O121 H7 in ready-to-eat 

salads, Salmonella Saintpaul in cucumbers, 

Salmonella Typhimurium in cantaloupe and 

Listeria monocytogenes in farm. In order to 

prevent foodborne outbreak in fresh produces 

so we need to reduce the microorganism in 

fresh vegetables and fruits from the natural 

herbs. 

 

For the first herbs was use in this experiment, 

lemongrass (C. citratus), it was among the 

oils that exhibited antibacterial activity 

against all the Listeria strains tested and 

correlate to in research and found out that not 

only the oil form of lemongrass that showed 

activity against L.  monocytogenes but also 

the ethanolic extraction form.
[13]

  

 

Next, chilli (C. annuum) contains capsaicin 

which is reported as antimicrobial agent.
 [14]

 

And also adding 1% w/v of dried chili in BHI 

can slightly inhibited the growth of L. 

monocytogenes. So increasing the amount of 

chilli might increase the inhibition activity.
 

[15]
 Spices also rich in phenolic compounds 

and besides exerting antimicrobial effect they 
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may preserve the foods by reducing lipid 

oxidation as they are reported to have 

significant antioxidant activity. 
[16] 

 

 And, Kaffir lime (C. hystrix) peels also 

contain antimicrobial compounds. Kaffir 

lime (C. hystrix) peel crude ethanolic extract 

has antibacterial activity against of 

Salmonella sp. and other enterobacteria. 

Thus, not only kaffir lime peel has activity 

against Sallmonella sp. but also against L. 

monocytogenes.
[17]

 The study of Kaffir lime 

show that the highest activity measured by 

using agar disc diffusion are 95% ethanolic 

extraction of kaffir lime peel. The inhibition 

effects of the extractions were 10.17 ± 1.96. 

Kaffir lime C. hystrix)  peel crude ethanolic 

extract showed antibacterial activity against 

20 serotypes of Salmonella sp. and 5 species 

of other enterobacteria. 
[18] 

 

Chrysanthemum (C. indicum L.) it‘s always 

used in traditional drug formula for the 

treatment of several infectious disease such 

as pneumonia, colitis stomatitis, cancer, fever 

and sore and used to treat vertigo, pertussis 

and hypertensive symptom.
[19]

 In 

Chrysanthemum (C. indicum  L.) has 

antibacterial activity 1.17 ± 0.85 mm in vitro 

antibacterial screening results of crude 95% 

ethanolic extracted under normal stress so it 

contain antimicrobial compounds.
[20]

  

 

Finally, Som poi (A. concinna (Willd.) D.C) 

is an important medicinal plant in Thailand 

and throughout Asian countries. This 

investigation was performed in order to 

demonstrate the antimicrobial potential 

against the fungal causative agents of 

ringworm and opportunistic infections. The 

study showed that the crude extract of A. 

concinna pod consisted of alkaloids, 

flavonoids, saponin and tannin but none of 

antraquinone and cyanotic glycosides. 
[21]

  

 

4.CONCLUSION 

As the results showed that treatment 18 

(using 10 ml of 1.5% crude extracts with 20 

min soaking time) gave the highest bacterial 

efficiency statistically by vegetable sanitizer 

comparing with the commercial brand.  The 

MPN number, the total plate count, and the 

L. monocytogenes count were 1.34 ±0.19 

MPN/ml, 1.62 ± 1.02 log CFU/ml, and 1.31 

± 0.40 log CFU/ml, respectively, (P0.05).  

The Salmonella sp. was not found. And also, 

it was found that the difference in the activity 

was found when using different volume of 

vegetable sanitizer and soaking time. 
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ABSTRACT 

 

Smoked fish is one of seafood product which usually done by smoking process. Smoking process 

usually used because it can give a specific odour, unique taste, and also it can extend the self life of 

the product. Since it can make a new diversification product, smoking process also give effects to 

the smoked products. This paper was made to observe quality changes caused by smoking process 

based on direct observation at UD Pengasapan Indah, Demak, Central Java; in terms of sensory 

characteristics, moisture content, and water activity of several fish species;marine catfish (Arius 

thalassinus)(A), baby tuna (Euthynnusaffinis) (B), sardines (Sardinella longiceps)(C) and semar 

fish (Mene maculata)(D). The results showed that smoking process changed the physical 

characteristics of fish, after smoked for 30 minutes, fish turned to brown, had a med-compact 

texture and gave a nearly specific smoked fish taste and smell. The moisture contentand water 

activity of A; B; C; and D samples were found 72,82% and 0,947;69,50% and 0,936; 64,91% and 

0,932; and 68,15% and 0,943 respectively.Generally,smokingprocess affected smoked fish 

products in terms of moisture content, water activity, and changes in sensory characteristics. 

 

Keywords: sensory characteristics, moisture content, water activity, smoking process 
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1. INTRODUCTION 

Smoking is a traditional method used to 

preserve fish in the world, although today, its 

acceptance in developed countries is 

primarily based upon the sensory 

characteristics it imparts to the product (Doe, 

1998). Smoking preserves fish by drying, 

cooking and depositing natural wood–smoke 

chemicals like tars,phenols and aldehydes all 

of which have powerful bactericidalaction 

and prevent the growth of other 

microorganisms on the flesh of the fish 

(Aremu et al, 2013). An additional 

preservative effect is owed to salting which 

comprises the first step of the fish smoking 

process. However, smoking is not an absolute 

preserving method. For this reason, the 

quality of raw material, the concentration of 

salt, water activity of the fish, heat through 

the smoking process, the quantity of smoke, 

the way of packaging, hygienic 

circumstances and heat of storage have the 

most important effects to reduce the risk of 

deterioration (Kaya and Erkoyuncu, 1999). 

 

Smoked fish usually processed traditionally 

especiallyin Indonesia, this process has 

already being implemented for generations. 

Many Indonesia‘s countrysides developing 

this method as one of the best fish processing 

method because the end products of this 

processing method as reported by Abolagba 

and Igbinevbo (2010), Bower et al. (2009) 

and Kumolu-Johnson et al. (2010) 

characterized by specific taste and aroma, 

had a long shelf life due to antibacterial 

activity and reduced enzymatic activity. 

 

Direct observation had been done at UD 

Pengasapan Indah, Demak, Central Java, 

June 13th, 2014, which is the biggest centre 

of fish smoking processing in Central Java. 

Many peasants around its location used to 

working there. According to that, fish that 

processed as the main material of smoking 

process there, are; marine catfish (Arius 

thalassinus), baby tuna (Euthynnus 

affinis),sardines (Sardinella longiceps), and 

semar fish (Mene maculata). The process 

usually took 30 minutes untill an hour 

according to the fish size, but it is possible to 

take more time. 

 

This paper was made to observethe effects of 

smoking process in case of; sensory 

characteristics changes, water content, and 

water activity pointof thus four fish species, 

and find out what causes it. 

 

2. MATERIALS AND METHODS 

2.1. Materials 

Marine catfish (Arius thalassinus) (head 

only) about 25 kg/day the average weight of 

the fish head was 1,063±134.58 g and 

average length was 12.71±2.24 cm, baby 

tuna (Euthynnus affinis) about 25 kg/day the 

average weight of the whole fish was 

132.88±15.58 g and average length was 

16.10±2.32 cm, sardines (Sardinella 

longiceps) about 25 kg/day the average 
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weight of the whole fish was 102.05±9.79 g 

and average length was 13.95±3.36 cm, and 

semar fish (Mene maculata) about 25 kg/day 

the average weight of the fish head was 

94.65±3.45 g and average length was 

10.80±2.25 cm; imported from Indramayu, 

West Java; Rembang; and Semarang, Central 

Java. Dried Cocconut shells 1 sack/day, and 

dried Corncob 2 sacks/day.A moisture 

analyzer and an Aw meter in the Laboratory 

of Fish Processing Technology Department, 

Faculty of Fisheries and Marine Science, 

University of Diponegoro, Semarang. 

 

2.2. Methods 

2.2.1. Sample Preparation and Smoking 

Process 

First fish arrived, 100 kg fish were divided 

into 4 smoking houses, 25 kg fisheach for the 

same species. Fish then washed and dripped 

in the salt solution for several minutes. Then 

fish were stabbed using arrow shaped 

bamboo from the fish mouth to the opposite 

part, or usually to the fish tail, vertically. 

After it done, wrap the fish stomach with a 

piece of thin paperto prevent breaking of the 

stomach contents at a time when it smoked. 

Meanwhile, the kiln was prepared, burn the 

corncob and cocconut shells fuels and wait 

until no flame, only smoke come out. After 

everything was set, then fish were smoking 

on the kiln for about 30 minutes for sardines 

(Sardinella longiceps) and semar fish (Mene 

maculata); and about 45 minutes for marine 

catfish (Arius thalassinus) and baby tuna 

(Euthynnus affinis).  

 

2.2.2. Laboratory Analysis 

Each of smoked fish were brought to the 

laboratory of fish processing, Fish Processing 

Technology Department,  University of 

Diponegoro, Semarang to determining the 

moisture content and water activity of the 

products. Moisture content was determined 

by oven drying of 5 g of fish muscle at 

105°C until a constant weight was obtained 

(AOAC, 1995, Method 985.14). Results are 

expressed as g water/100 g muscle or can be 

written in percent (%).Water activity (Aw) of 

samples were measured following the 

method as described by Fuentes et al. (2010) 

using Aw meter. 

 

3. RESULTS AND DISCUSSIONS 

3.1 Sensory Characteristics Changes 

during Smoking Process 

From fig. 1 below, we know thatsmoked 

marine catfish (Arius thalassinus) has a better 

score than the other smoked fish, and it was 

acceptable by the panelists. Smoked marine 

catfish (Arius thalassinus) hasshiny 

yellowish brown color on its surface, but 

there are some parts that dark-colored (over 

burning).This smoked fish also smell and 

taste better than the other smoked fish, it has 

a nearly perfectly specific smoked fish for its 

odour and taste, even though the taste and 

odor still are not too strong. But it gave a 

better results than the other three do. Baby 
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tuna (Euthynnus affinis), sardines (Sardinella 

longiceps), and semar fish (Mene maculata) 

did as well as accepted by the panelists, but 

the appearance was not as specific as what 

marine catfish gave, they also had a unique 

odour and taste but not as strong as what 

marine catfish had, and it was actually still in 

the below average range. 

 

Fig 1. Sensory score of several smoked fish 

from UD Pengasapan Indah, Demak, Central 

Java. 

 

However, the texture and odour of all 

samples were almost the same, and there 

were no yeast nor mucus on the surface, so 

the products were possible to consumed. 

 

Appearance, the smell or odour, color and 

texture of smoked fish formed as a result of 

certain cluster carbonyl contained in smoke 

reacted to the protein and fat in fish. Smoke 

plays an important role in the formation of 

color, texture, taste and odour. The main 

components carbonyl smoke that played an 

important is phenol. These components, can 

play a role as antioxidants. Brown color, is 

produced from a reaction phenol with oxygen 

in the air, phenol components that have a role 

in smell and taste is guaiakol, 4--methyl 

guaiakol, 2.6--dimetoksi phenol. Smoke role 

in this case have an impact on the 

organoleptic, was caused by the reaction of 

amino acids, proteins and carbohydrates 

(Cardinal et al. , 2006; Swastawati, 2008; 

Swastawati., et al. , 2007). 

 

According to Simko (2005), some factors 

such as physico-chemical quality of fresh 

fish, age, sex and season variation, and 

smoking process itself (smoke resources, 

smoke components, smoking temperature, 

humidity, time of smoking process and 

smoke density) could affect the organoleptic 

properties of end products as well. 

 

3.2. Laboratory Analysis 

Water is the largest componen that contained 

in a fish flesh. It usually used by 

microorganisms to grow and multiply. So 

that, smoking process applied to reduce the 

content of water in fish flesh, and it is hoped 

to extend the self life of the product 

(Swastawati, 2013). According to the 

laboratory analysis results, given that the 

moisture content and water activity of A; B; 

C; and D samples were found 72,82% and 

0,947; 69,50% and 0,936; 64,91% and 0,932; 

and 68,15% and 0,943 respectively. It is 

believed that the differences were due to 

quality of fresh fish and species 

differentiation. However, according to 
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Indonesia‘s National Standard the moisture 

content suggested for smoked fish should be 

less than 60%. Winarno (2010) said that the 

water content  reduced due 

to evaporation of the product because of the 

influence of heating temperature and 

environment humidity. 

 

Water activity (Aw-point) becoming one of 

parametersin the analysis of food stability 

(Lupin, 1986). Measuring water activity is 

very important to predict and knowing the 

existence of microorganisms that usually 

cause spoilage on food products. 

Generally,fresh food have Aw point from 

0,95 - 1. At 0,6 of Aw point microorganisms 

can be blocked. Otherwhile, according to 

Soedarto‘s (2008) journal, at Aw of 0,5 

microorganisms are not possible to grow. Aw 

point from 0,91 – 0,92 can have a short self 

life; about 2-3 days, which mean that all of 

smoked fish that were brought from UD 

Pengasapan Indah, Demak, may can be keep 

in storage for about 40-55 hours. 

 

4. CONCLUSION 

Smoking process affected fish in case of 

sensory characteristics changes, moisture 

content, and Aw point. The results of smoked 

fish from UD Pengasapan Indah, Demak, 

Central Java need to be improved, because of 

some several tests showing an average – 

below average results. It was predicted that, 

those are because of improper smoking 

method applied and lower aspect of 

hygenetic and sanitazion. Therefore it is 

recommended to use different smoking 

method, such as liquid smoking method to 

improve the quality characteristics and the 

organoleptic characteristics of end products. 
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ABSTRACT 

 

Corncob, a kind of waste produced by agriculture and food industry, is abundant and less utilized. 

Corncob contains a high amount of cellulose, a kind of carbohydrate polymer, so it is potential to 

be utilized as the raw material to produce glucose. This study is aimed to figure out a method to 

convert cellulose in corncob into glucose and its potential to be comercially produced, therefore a 

literature review was conducted. Glucose can be produced by hydrolysis of cellulose either by acid 

or cellulase enzyme. However, the use of acid result in a low quality and poor yield of glucose, 

while the use of cellulase enzyme will produce a better quality and higher yield of glucose. 

Cellulase enzyme can be produced by mold Aspergillus niger and Trichoderma reesei in ratio 2:1. 

Overall, the method to use corncob to produce glucose following : raw material preparation, 

delignification, growing A. niger and T. Reesei culture, production of cellulase enzyme, extraction 

of enzyme, and hydrolysis of raw material. The yield of glucose produced by enzyme hydrolysis 

might reach 51% that make it possible to be comercially produced, however there is still a need for 

further study to find out an appropriate method to purify the glucose produced and the expert‘s role 

to build the plant.  

 

Keywords: Corncob, cellulose, enzyme, glucose, hydrolysis, waste 
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1.INTRODUCTION 

Corncob, a kind of waste produced by 

agriculture and food industry, is abundant 

and less utilized. The number of corncob 

waste generated from corn production is 

about 30%, so if it is calculated with the 

number of corn produced in Indonesia that is 

about 19.380.000 tons per year, the number 

of corncob waste generated is about 

5.814.000 tons per year. Up to now corncob 

utilization is still limited, mostly for animal 

feed and slightly for energy source (Irawadi, 

1990). The chemical composition of corncob 

is shown in Table 1.  

Table 1. Chemical Composition of Corncob 
Compound Percentage (%) 

Water 9,4 

Cellulose 41 

Hemicellulose 36 

Xilan 30 

Lignin 6 

Pectin 3 

Starch 0,014 

Protein 2,5 

Fat 0,5 

Fiber 32 

Ash 1,5 

Free Nitrogen Extract 53,5 

Neutral detergen fiber 83 

Digestable nutrient 42 

(Johnson,1991) 

 
Table 1 shows that corncob contains high 

amount of dietary fiber, predominantly 

cellulose. The number of cellulose contained 

in corncob could reach 41% that make it 

potential to be utilized.  

 

Cellulose, the most abundant polymer on 

earth, is a carbohydrate polymer in form of 

linear chain linked by β-1,4-glycosidic bond, 

hence cellulose is highly unsoluble. Cellulose 

cannot be easily degradate either by chemical 

or mechanical, however it still can be broken 

down into sugar or ethanol. Cellulose can be 

converted into glucose by hidrolysis either by 

enzyme or acid (Ariestaningtyas, 1991). This 

study is aimed to figure out a method to 

convert cellulose in corncob into glucose and 

its potential to be comercially produced, thus 

the corncob waste shall be optimally utilized.  

 

2.MATERIAL & METHOD 

Literature review was conducted to collect 

information about corncob, cellulose and 

hydrolysis methods. The literature used are 

scientific journals, papers and articles. All the 

information gained were analyzed to draw a 

conclusion about possibility and the most 

appropriate method to utilize corncob for 

glucose production.  

 

3.RESULT & DISCUSSION 

Glucose can be produced by hydrolysis of 

cellulose either by acid or cellulase enzyme. 

Acid hydrolysis of cellulose usually 

involving strong acid such as sulfuric acid, 

percloric acid and mostly HCl (hydrochloric 

acid). The hydrolysis process is done by 

heating the substrate (cellulose) in acid 

solution for 1-3 hours at 121
o
C. The harsh 

condition (high temperature, high acid 

concentration) will liberate glucose from 

associated chains. Then, glucose can be 

obtained by adding Ca(OH)2 into the solution 

(Ahring, Klinke dan Thomsen, 2004).  

 



 

3
rd

 International Student Conference 

―Greening The Food Industry : Innovation for Sustainibility‖ 

Department of Food Technology, Soegijapranata Catholic University Semarang 

Tuesday, September 2
nd 

 ,2014 

59 

 

Acid hydrolysis method is quite simple 

compared to the enzyme hydrolysis, 

however, the harsh condition of process 

results in low quality of glucose. The glucose 

obtained from acid hydrolysis has low DE 

(Dextrose Equivalent) value and yellowish 

color due to the formation of hydroxymethyl 

furfural (HMF) as the result of the harsh 

condition, especially high temperature 

(Sastrodipuro, 1985). Moreover, during acid 

hydrolysis the degradation of cellulose chain 

is going randomly, so the glucose obtained is 

less stable and uniform (Howling, 1979). 

 

The other method to hydrolyze cellulose is 

using cellulase enzyme. Cellulase enzyme is 

a complex enzyme, consist of several 

enzymes. Cellulase enzyme can be obtained 

from fungi, Aspergillus niger and 

Trichoderma reesei, each produces different 

characteristic of enzyme that is shown in 

Table 2. 

 

Table 2. Characteristic of Cellulase Enzyme 

Produced by A. Niger and T. Reesei 
Aspergillus niger Trichoderma 

reesei 

High β-glucosidase  Low β-glucosidase 

Low endo-β-1,4-

glucanase 

 High endo-β-1,4-

glucanase  

Low exo-β-1,4-

glucanase  

High exo-β-1,4-

glucanase 

 

Table 2 shows that A.niger produce high β-

glucosidase and low β-glucanase, on the 

contary T.reesei produce high β-glucanase 

and low β-glucosidase. During cellulase 

hydrolysis, β-glucanase enzyme degradate 

cellulose into cellobiose and β-glucanase 

convert cellobiose into glucose. Therefore the 

cellulase enzyme must be produced by both 

A.niger and T.reesei in ratio 2:1 (Sutarno, 

R.J., Zaharah,T.A. dan Idiawati,N., 2013).  

Overall the method to produce glucose by 

cellulase hydrolysis following : 

a. Raw Material Preparation 

Corncob should be washed, dried and 

grinded before it is hydrolyzed. 

b. Delignification 

Delignification is aimed to remove 

lignin and extracting hemicellulose 

so that hydrolysis process might goes 

effectively. Delignification is done 

by immersing the raw material in 

NaOH solution. After delignification, 

raw material should be re-dried. 

c. Growing A.niger and T.reesei 

Culture 

PDA media can be used to grow 

A.niger and T.reesei culture. The 

incubation time might vary from 3 

days to 1 week. 

d. Production of Cellulase Enzyme 

To produce cellulase enzyme, both 

A.niger and T.reesei are inoculated in 

prepared corncob. During their 

growth, both mold will produce 

extracellular enzyme (cellulase) to 

digest cellulose. 

e. Extraction of Enzyme 

Cellulase enzyme is extracted using 

Tween 80 solution. 

f. Raw Material Hydrolysis 
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The enzyme obtain from A.niger and 

T.reesei is applied onto prepared 

corncob in ratio 2:1 (A.niger : 

T.reesei). To obtain optimum 

condition, the mixture shoud be 

heated at 40
o
C and added  by HCl 

until the pH reach 5. The incubation 

time takes 8 hours (Sutarno, Rika 

Julfana, et al., 2013). 

 

The yield of glucose obtained from cellulase 

hydrolysis might reach 51%. Overall, glucose 

obtained from cellulase hydrolysis has better 

quality than acid hydrolysis, which 

comparison is shown in Table 3. 

 

Tabel 3. Comparison of Acid Hydrolysis and 

Cellulase Hydrolysis Method in Glucose 

Production 

Criteria 

Method 

Acid 

Hydrolysis 

Cellulase 

Hydrolysis 

Yield Low High 

Raw Material 

Cellulose, 

Starch 

(amylose) 

Cellulose 

Production 

Cost 
High Low 

Production 

Time 
 1-3 hours 8 hours 

Glucose 

Characteristic 

Low value 

DE, 

yellowish 

color 

High value 

DE, clear and 

transparent 

color 

(Kosaric, Wieczorec, Cosentino, Magee dan 

Presonil, 1983; Lynd et al., 2002) 

 

Based on Table 3, cellulase hydrolysis 

method is better than acid hydrolysis method. 

The low production cost, high yield and good 

quality of glucose produced indicate that it is 

possible to commercially produce glucose 

from corncob.  

 

4.CONCLUSION 

Corncob, an abundant waste, is very potential 

to be utilized due to its high amount of 

cellulose. Cellulose can be converted into 

glucose either by acid hydrolysis or cellulase 

hydrolysis. Nevertheless cellusase hydrolysis 

is preferable since its produce better quality 

of glucose. Cellulase enzyme can be obtained 

from  Aspergillus niger and Trichoderma 

reesei. The low production cost, high yield 

and good quality of glucose produced 

indicate that it is possible to commercially 

produce glucose from corncob. However 

there is still a need for further study to find 

out an appropriate method to purify the 

glucose produced and the expert‘s role to 

build the plant. 
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ABSTRACT 

 

Black soybeans and black rice widely known contain anthocyanins. Anthocyanins have high 

antioxidant activity. Antioxidant has capability in delaying, slowing or inhibiting the oxidation 

reaction. Ice cream is a food product that is favored by many people from all ages because of its 

sweet tastes and its textures which melt in the mouth. Unfortunately, most of the ice cream 

products do not contain a functional compounds e.g. natural antioxidant compounds. Therefore, 

this researchhas been done to find ice cream formulation which has functional benefit. The purpose 

of this study was to determine the physicochemical and sensory characteristics of vegetarian ice 

cream by using black soybean milk and black rice extrudates flour as the source of antioxidants. In 

making this ice cream, black soybean milk and black rice were used as the source of the 

antioxidants, Ryoto Sugar SP as synthetic emulsifier and sucralose as the low-calorie sweetener. 

Different concentration of emulsifier added, i.e. 10%, 15%, 20% and 25% of the total weight while 

the other ingredients used the same concentration. Methods that being used including: the making 

of black soybean milk, black rice extrudates flour, ice cream, and the sensory analysis of ice cream. 

It was found that the sensory color of ice cream with the addition of an emulsifier 25% was the 

most preferred by the panelists with a score of 3.9 + 0.7, the flavor of ice cream with the addition 

of emulsifier 15% was the most preferred by the panelists with a score of 4.1 + 0.8, the texture of 

the ice cream with the addition of emulsifier 20% was the most preferred by the panelists with a 

score of 4.0 + 0.6 and the overalls were ice cream with the addition of emulsifier concentration 

15% which was acceptable by the panelists. 

 

Keywords: Ice cream, antioxidants, anthocyanins, black soybeans, black rice, emulsifier 
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1. INTRODUCTION 

Black soybeans widely known contain of 

anthocyanins with high antioxidant activity 

(Purwanti, 2004). Black rice also contain of 

purple pigments that act as antioxidants. 

Antioxidant is anthocyanins which able to 

prevent the cancer cells expansion. 

Antioxidant is a compound which has 

capability in delaying, slowing or inhibiting 

the oxidation reaction. The total content of 

phenolic compounds in pigmented rice is 

four times greater than the white rice (non-

pigmented). Anthocyanin in the black 

soybean and black rice is an antioxidant 

which potentially prevents premature 

oxidation process and degenerative diseases. 

Anthocyanin is a type of flavonoid 

components commonly found in nature. 

Flavonoid is a subgroup of the phenolic 

components. These pigment is water soluble 

and supply a wide range of colors in plants, 

such as blue, purple, violet, magenta, red and 

orange (Shinta, 2010).  

 

Ice cream is a food product that is favored by 

many people from all ages because of its 

sweet tastes and its textures which melt in the 

mouth. Unfortunately, most of the ice cream 

products do not contain a functional 

compounds e.g. natural antioxidant 

compounds. In addition, the value of 

commercial ice cream calories is high 

enough. As time goes by, the level of public 

awareness about health is getting higher. 

Therefore, this researchhas been done to find 

ice cream formulation which has functional 

benefitso that the ice cream was not only 

popular by its tastes but also having 

functional benefit. 

 

This study was conducted to upgrade an 

existing product of ice cream by adding 

nutritional value in it. By mixing the black 

rice extrudates flour with black soybean milk 

in the ice cream formulation would enhance 

the functional value of ice cream and produce 

ice cream with high antioxidants, safe to 

consume and acceptable by the people either 

from its tastes or it‘s functional benefits. 

 

The purpose of this study was to determine 

the physicochemical and sensory 

characteristics of vegetarian ice cream by 

using black soybean milk and extrudates 

flour of black rice as the source of 

antioxidants. The physical characteristics 

which being measured were: overrun, 

hardness, viscosity and time to melt. The 

chemical characteristics which being 

measured were: total solids, antioxidant 

activity and anthocyanin content. And the 

sensory characteristics which being measured 

were:  color, flavor, texture and overall. 

 

2. METHODOLOGY 

This research was conducted in the 

Laboratory of Food Processing Engineering, 

Laboratory of Food Science and Laboratory 

of Sensory of Food Technology Study 

Program, Faculty of Agricultural 
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Technology, Catholic University 

Soegijapranata Semarang. 

 

2.1. Equipments 

The tools used in the creation of vegetarian 

ice cream include: analytical balance, single 

screw extruder, blender brand "Maspion", 

mixer brand "Philips", a sieve with a mesh 

size of 625, a freezer and a measuring cup. 

The tools used for sensory analysis were the 

ice cream cup sizes 100 ml and a plastic 

spoon. 

 

2.2. Ingredients 

The materials used to make this ice cream 

include: black rice, black soy beans, 

emulsifier Ryoto Sugar SP, and sucralose 

 

The making of Black Soybean Milk (BSM) 

 

Picture 1. Making Black Soybean Milk 

 

The Making of Black Rice Extrudates 

Flour (BREF) 

 

 

 

Picture2.Making Black Rice Flour 

Extrudates 

Caption : 

(a) Black Rice  

(b) Extrusion 

(c) Black Rice Extrudates 

(d) Grinding black rice extrudates 

(e) Sieving  

(f) Black Rice Extrudates Flour  

 

The making of Vegetarian Ice Cream  

 

Picture 3. Making Ice Cream 

 

a b c 

d e f 
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Table 1.Formulation Ingredients Ice Cream 

Ingredients 
Samples 

K A B C D 

BSM (ml) 500 500 500 500 500 

SP (%) 20 10 15 20 25 

Sucralose (g) 2 2 2 2 2 

BRFE(g) - 50 50 50 50 
Description: 

K: Icecreamwithout the addition ofblack rice 

A: Icecreamwith the use ofan emulsifier 10%  

B: Icecreamwith the use ofan emulsifier15%  

C: Icecreamwith the use ofan emulsifier20%  

D: Icecreamwith the use ofan emulsifier 25%  

 

2.3.Sensory Analysis 

This sensory analysis aims was to determine 

the public acceptance of the vegetarian ice 

cream with the use of black soy milk and 

black rice extrudates flour. The sensory 

analysis was performed using sensory 

parameters include: assessment of the color, 

flavor, texture, and overall. The method used 

for sensory analysis in this study was rating 

test. Panelists were asked to give a score 

from one to five, where 1 represents the 

lowest value (least preferred) and 5 was the 

highest score (highly preferred). Panelists 

involved were all church people of 

Ebenhaezer Nazarene Christian Church as 

many as 50 people. 

 

Data Analysis aims was to process data 

obtained from the testing that has been done. 

The result data of sensory analysis were 

analyzed using variance in one direction 

(One Way ANOVA) to test the different. 

Computing statistics for this data analysis 

was using SPSS for Windows software 

(version 13) and Microsoft Office Excel 

(Santoso, 2004). 

 

3. RESULTS AND DISCUSSION 

Two kinds of research which conducted in 

this research werePreliminary Research ( 

sensory analysis) to determine the consumer 

acceptance of color, texture and sweet taste 

of vegetarian rice ice cream and the Main 

Studies ( sensory  analysis of vegetarian ice 

cream.) 

 

3.1. Preliminary Research 

Table 2.Sensory Characteristics of the 

Texture and Color 

BRFE 
AcceptanceScorePanelists 

Color Texture 

60 grams 3,6 + 0,5 3,4+ 0,5 

50 grams 4,7 + 0,5 4,6 + 0,5 

40 grams 4,3 + 0,5 4,4+ 0,5 
Description:  

Rating Assessment of SensoryAnalysis:  

1= Do not like 

2=Less like 

3=Quite like 

4= Like 

5 = Very like 

 

Based on Table 2 above, it can be seen that 

with the addition of black rice extrudates 

flour by 50 grams was the most preferred 

concentration by panelists either in terms of 

color or texture with a score of 4.7 + 0.5 on 

color and 4.6 + 0.5 on texture. 
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Table3.SensoryCharacteristicsof theTaste 

Sucralose 

(grams) 

AcceptanceScorePanelists 

Taste 

1,5 3,4+ 0,5 

2 4,6 + 0,5 

2,5 3,7+ 0,5 

3 3,6 + 0,7 
Description:  

RatingAssessmentof SensoryAnalysis:  

1= Do not like 

2=Less like 

3=Quite like 

4= Like 

5 = Very like 

 

Based on Table 3 above, it can be seen that 

with the addition of 2 grams of sucralose was 

the most preferred concentration by panelists 

in terms of the tastes with acceptance scores 

of 4.6 + 0.5. 

 

3.2.Main Research 

No. Treatment Color Taste Texture Overall 

1. Kontrol 3,9+ 0,9
a
 4,0+ 0,8

a
 4,1+ 0,7

a
 4,2+ 0,7

a
 

2. Emulsifier 10% 2,7+ 0,9
b
 3,1+ 0,8

b
 2,8+ 0,7

b
 2,0+ 0,7

b
 

3. Emulsifier 15% 3,2+ 0,9
c
 4,1+ 0,8

a
 3,5+ 0,6

c
 4,2 + 0,7

a
 

4. Emulsifier 20% 3,6+ 0,9
c
 3,3+ 0,9

b
 4,0+ 0,6

a
 3,8 + 0,7

c
 

5. Emulsifier 25% 3,9+ 0,7
a
 2,6+ 0,7

c
 2,3+ 0,8

d
 3,3+ 0,8

d
 

Description: 

•All valuesweremean ±SDvalues 

•Valueswithdifferentsuperscriptina columnindicatesignificant differencesbetween treatmentsat the95% 

confidence level(p <0.05) byone way ANOVAusingDuncan's multipletestareasasdifferent test 

 

A preliminary sensory test conducted wasto 

determine the formulation of how much flour 

extrudate of black rice and sucralose were 

used in the making of ice cream. Consumer 

acceptance of color, texture and sweet taste 

of vegetarianice cream and the primary 

research which conducted to determine the 

physical condition, antioxidants, and sensory 

vegetarian ice cream. From Tables 2 and 3, it 

can be seen that the preliminary test resultsof 

sensory analysis which used for 

theformulation of ice cream with the addition 

of 2 grams of sucralose and 50 grams of 

black rice extrudates flour. Preliminary test 

carried out based on the theory of Alvarez, et 

al., (2005) who argue that consumer 

acceptance depends on the quality of the ice 

cream texture and taste. The physical 

properties of the ice cream is made up of 

small globula fat, has a certain viscosity, 

have a melting rate, can be formed in 

accordance with the container, and the taste 

which sensory acceptable. 

 

Colour is a quite important sensory aspect 

because it relates to the visual aspect of the 

consumer. Consumers will be interested to 

taste the food when visually the color is 

interisting so that the color of the ice cream is 

worth noting. Ice cream with the addition of 

emulsifier 25% had bright colors compared 

with the three other ice cream so  the color of 

it was acceptable similar with the control ice 

cream. While the color of ice cream with the 

addition of emulsifier 10% was not preferred 

by the panelists due to the dark color. The ice 
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cream flavor with the addition of emulsifier 

15% was the most preferred while flavors of 

ice cream with the addition of emulsifier 

25% least preferred by the panelists due to 

the bitter taste caused. The texture of the 

control ice cream was the most preferred by 

the panelists which didnot have a noticeable 

difference on the ice cream with the addition 

of emulsifier 20% while the texture of ice 

cream with the addition of emulsifier 25% 

was not preferred by the panelists due to the 

soft texture so that unpopular amongs the 

panelists. Overall the controls ice cream was 

the most preferred by the panelists which was 

not significantly different from the ice cream 

with the addition of emulsifier 15% so that it 

could be said that the ice cream with the 

addition of emulsifier 15% became the ice 

cream formulation that can be used as the 

panelists like it. 

 

CONCLUSION 

 The best ice cream formulation was the 

ice cream with the addition of emulsifier 

15% which did not have a noticeable 

difference on the sensory characteristics 

of the control 
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ABSTRACT 

 

Biological properties of dendrimers are highly important because the increased interest in using 

them for biomedical applications. Cationic dendrimers, like PAMAM, are generally haemolytic and 

cytotoxic. Their toxicity is generation-dependent and increases with the number of surface groups, 

suggesting that low generation dendrimers may be promising agents for targeted drug delivery. 

Conjugation with poly(ethylene glycol) (PEG) chains is also considered as a method of reducing 

the toxicity and increasing the biocompatibility of dendrimers. PEG is chosen because it is 

nontoxic, nonimmunogenic, and has favorable pharmacokinetics as well as tissue distribution. In 

this study to ensure its safety in biomedical usage, the low generation of unmodified and 

PEGylated PAMAM dendrimer are evaluated for their cytotoxicity with respect to its apoptotic 

effects in mouse blastocysts. Female IRC mice (6-8 weeks) are intraperitoneally injected with 100 

µl PMSG and 47-49 hours later with 100 µl hCG. One day after mating, the female mice with 

vaginal plug are separated from males and three days later, the embryos in blastocyst stage are 

collected and exposed to various concentrations of unmodified and PAMAM-PEG (G2) 

denderimer (50 µg/ml, 100 µg/ml, 200 µg/ml, 300 µg/ml, and 400 µg/ml) and evaluated via 

TUNEL assay, Hoechst staining, and blastocysts outgrowth assay. The results showed that mouse 

blastocysts that were treated with PAMAM-PEG (G2) dendrimer showed a little apoptotic lesions. 

It can be concluded that unmodified PAMAM (G2) dendrimer still has a little cytotoxic effect on 

mouse blastocysts and PEGylation of PAMAM dendrimer can reduce the cytotoxic effect with 

respect to the apoptotic effect, cell proliferation, and blastocysts outgrowth. 

 

Keywords：PAMAM (G2) dendrimer, PEGylation, mouse embryo, blastocyst 
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1. INTRODUCTION 

The study of dendrimers is still in the 

beginning stage, but the interest in using 

dendrimers as a targeted drug delivery 

vehicle, which shows great promise for the 

treatment of disease, significantly increases 

(Duncan and Izzo, 2005). Dendrimers are 

composed of individual dendrons that radiate 

from a central core, where each layer of 

branch constitutes one complete generation 

(G) in the dendrimer series and is identified 

with a specific generation number (Medina 

and El-Sayed, 2009). The surface reactive 

groups may also be used to covalently attach 

drug molecules via labile chemical linkages. 

Using these approaches, dendrimers can be 

constructed with precise control over the 

number of generations and surface 

functionalities, producing structures with 

typically high monodispersity when 

compared to the synthesis of traditional 

polymers which typically produce statistical 

mixtures of products (Kaminskas et al., 

2012).  

 

PAMAM (polyamidoamine) dendrimers, 

which contain a high surface density with an 

empty inner space, can be applied in 

drug/gene delivery (Chauhan et al., 2010). 

Their radial structure contains a 2carbon 

ethylenediamine core and primary amino 

groups on the surface. Successive generations 

(referred to as G0-G10) have increasing 

diameter and double the surface functional 

amino groups than the preceding generation. 

The systematically variable structural 

architecture and the large internal free 

volume make these dendrimers an attractive 

candidate for biomedical applications 

(Mukherjee et al., 2010) 

 

However, limited studies have been 

performed to investigate how the chemistry 

of dendrimer and its molecular architecture 

affect biodistribution and toxicity. Despite 

the extensive interest in pharmaceutical 

application of dendrimers, very little is 

known about their cytotoxicity, and how it 

causes cell death. There is conflicting 

evidence regarding their biological safety 

(Winnicka et al., 2009). These materials, 

particularly the higher generations (≥G7) of 

the cationic amino-terminated dendrimers, 

have been shown to be toxic in vitro. 

Nevertheless, a few toxicity studies on 

PAMAM dendrimers have been performed, 

suggesting that low generations of PAMAM 

dendrimers (below G5.0) are more 

biocompatible (Duncan and Izzo, 2005).  

 

Biological properties of dendrimers are 

highly important because the interest in using 

them for biomedical applications becomes 

higher. Cationic dendrimers, like PAMAM, 

are generally haemolytic and cytotoxic. Their 

toxicity is generation-dependent and 

increases with the number of surface groups 

(Klajnert and Bryszewska, 2001). Roberts et 

al. (1996) have shown that G3, G4 and G5 

dendrimers are not toxic to male Swiss-

Webster mice. However, G7 dendrimers may 
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pose potential biological complications, since 

20% of the rats treated with G7 dendrimers 

died, and all survived rats showed some liver 

vacuolorization.  These studies support the 

results of cell culture studies in which the 

toxicity of dendrimers appears to be 

generation-dependent. Therefore, these 

studies suggest that low generation 

dendrimers may be promising agents for 

targeted drug delivery.  

 

Conjugation with poly(ethylene glycol) 

(PEG) chains is also considered as a method 

of reducing the toxicity and increasing the 

biocompatibility of dendrimers. PEG is 

chosen because it is nontoxic, 

nonimmunogenic, and has favorable 

pharmacokinetics as well as tissue 

distribution (Wang et al., 2009). In general, 

attachment of PEG (i.e., PEGylation) 

improves water solubility, reduces toxicity, 

decreases enzymatic degradation, and 

increases the in vivo half-lives of small-

molecule drugs. A possible reduction in drug 

potency due to the sterics imparted by a long 

flexible PEG chain can be compensated by a 

reduced renal elimination rate (Kim et al., 

2008).In this study to ensure its safety in 

biomedical usage, the low generation of 

unmodified and PEGylated PAMAM 

dendrimer are evaluated for their cytotoxicity 

with respect to its apoptotic effects, cell 

proliferation, and blastocysts outgrowth in 

mouse blastocysts. 

 

2. EXPERIMENTAL PROCEDURES  

2.1. Materials 

The materials used in this research are ICR 

(Imprinting Contol Region) mice, pregnant 

mares serum gonadotropine [PMSG] (China 

Chemical and Pharmaceutical Taiwan), 

human chorionic gonadotropine [hCG] 

(China Chemical and Pharmaceutical 

Taiwan), ethanol, Earle‘s balanced salt 

solution (EBSS), L-glutamine (Gibco, USA), 

NAC [N-acetyl-L-cysteine] (Sigma, USA), 

sodium pyruvate (Sigma, USA), triton-100 

(Merck, USA), Tween 20 (Sigma, USA), 

polyamidoamine (PAMAM) G2 Dendrimer 

(50 µg/ml, 100 µg/ml, 200 µg/ml, 300 µg/ml, 

and 400 µg/ml), PAMAM-PEG G2 

Dendrimer (50 µg/ml, 100 µg/ml, 200 µg/ml, 

300 µg/ml, and 400 µg/ml), pronase (Roche, 

USA), PBS as the wash buffer, 

paraformaldehyde, 3% H2O2, 0.1% Triton- 

citrate, In Situ Cell Death Detection Kit 

(Roche, USA), peroxidase (POD), and 

diaminobenzidine (DAB), Hoechst / 

Bisbenzimidine H33342 (Calbiochem, USA), 

FBS (Gibco, USA), and CMRL-1066 

(Sigma, USA). 

 

2.2. Mouse Superovulation 

The female ICR mice that had reached their 

sexual maturity (6-8 weeks) are 

intraperitoneally injected with 100  µl PMSG 

between 2.00 p.m – 4.00 p.m. As many as 

100  µl hCG is injected intraperitoneally into 

female mice at 47 to 49 hours after the 

PMSG injection. Female mice are manually 
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restrained for the intraperitoneal injection. 

Immediately after hCG injection, each female 

mouse is allowed to mate with only one male 

mouse of the same strain. Male mice for 

breeding are maintained in individual cages 

and ranged in age from 3 to 8 months. The 

vaginal plug is checked the next day between 

9.00 am – 12.00 p.m. The female mice with 

vaginal plug are separated from males (Luo 

et al., 2011). 

 

2.3. Blastocysts Stage Embryo Collection 

Approximately 3.5 days after mating, the 

embryos of the mice are in blastocyst stage 

and ready to be collected. Mice are killed by 

neck-breaking. The mouse is lied on its back 

and sprayed with alcohol. A cut is made 

across the belly and the skin is cut away to 

expose the gut. The uterus is dissect out with 

sterile forceps and scissors. Then, the 

embryos are flushed into the 4-well dishes 

with 0.3% EBSS into the uterus. Blastocyst-

stage embryos are then transferred to the well 

containing 0.3% EBSS with different 

concentrations of PAMAM (G2) Dendrimer 

and PAMAM-PEG (G2) Dendrimer (50 

µg/ml, 100 µg/ml, 200 µg/ml, 300 µg/ml, 

and 400 µg/ml). After that, they are 

incubated in the presence of dendrimers for 

24 hours before TUNEL Assay, Hoechst 

Staining, and blastocysts outgrowth assay 

(Merck Millipore Protocol, 2007). 

 

 

 

2.4. TUNEL Assay 

Embryos were moved to the well containing 

pronase for 10 minutes, rinsed with the wash 

buffer PBS, and fixed with the 

paraformaldehyde solution for 30 minutes. 

After washed with PBS, embryos were 

treated with 3% H2O2 for 5 minutes. After 

washed with PBS, embryos were treated with 

0.1% Triton-citrate for 2 minutes. After 

washed with PBS, embryos were stained into 

TUNEL solution for 30 minutes, POD for 30 

minutes, and DAB for 1 minute on the slides 

with rinsing them in the wash buffer among 

the moving to different solution. After final 

wash with PBS, embryos were placed on the 

new slides and observed by fluorescene 

microscope for their apoptotic reaction at 

certain concentration of unmodified and 

PEGylated PAMAM (G2) Dendrimer. 

 

2.5. Hoechst Staining 

Mouse blastocysts that have been incubated 

for 24 hours in the culture medium with the 

presence of unmodified and PAMAM-PEG 

(G2) Dendrimer (50 µg/ml, 100 µg/ml, 200 

µg/ml, 300 µg/ml, and 400 µg/ml) are treated 

with 0.4% pronase for 10 minutes to remove 

the zona pellucida. After that they are fixed 

in paraformaldehyde for 15 minutes, then 

treated with 1% citrate-triton and stained 

with 20 µg/ml bisbenzimide and 10 µg/ml 

propidium iodide (PI) for 30 minutes at 37
o
C, 

with rinsing them in the wash buffer among 

the moving to different solution. The stained 

blastocysts are then transferred to slides and 
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protected from light before observation. They 

are observed in blue color under UV light 

excitation. The number of nuclei are 

considered to represent an accurate cell 

number because multinucleated cells are not 

common in preimplementation embryos. 

 

 

 

 

Figure 1. Apoptotic  Cell Number per 

Embryo in Various Concentrations of a) 

PAMAM (G2) dendrimer and b) PAMAM-

PEG (G2) Dendrimers on Mouse Blastocysts, 

c) Apoptotic Cell Number per Embryo in 

Various Concentrations of PAMAM and 

PAMAM-PEG (G2) Dendrimer. 

** significant different compared to control, 

one way ANOVA (p<0.01) 

 

2.6. Blastocysts Outgrowth Assay 

Mouse blastocysts are treated with 

unmodified and PAMAM-PEG (G2) 

Dendrimer (50 µg/ml, 100 µg/ml, 200 µg/ml, 

300 µg/ml, and 400 µg/ml) and transferred 

separately to 96-well plate coated with 

fibronectin. They are implanted onto 

fibronectin in CMRL-1066 with 10% FBS at 

37
o
C, 5% CO2 for 72 hours. The outgrowing 

embryo morphology is observed under light 

microscope. The blastocyst outgrowth is 

classified into 3 grades according to their 

expansion degree and hatching status; 1) 

Grade I: The mouse blastocysts still contain 

the zona pellucida, thereby losing the ability 

to be hatched, and not allow outgrowth 

process onto fibronectin; 2) Grade II: The 

expansion of trophectoderm (TE) cell is 

below part and inner cell mass (ICM) itself 

exhibited an altered morphological structure; 

3) Grade III: The expansion of outgrowth TE 
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cells covers ICM. The good development of 

blastocyst is represented by the Grade III 

outgrowth. 

 

2.7. Statistical Analysis 

All of the data are analyzed using T-test 

independent or one-way ANOVA and 

presented as mean ± SEM and p-value < 0.05 

is considered as significant different.  

 

3. RESULTS 

3.1. TUNEL Assay 

Figure 2. Cell Proliferation Number via 

Hoechst Staining of PAMAM and PAMAM-

PEG (G2) 

 

The cells of a multicellular organism are 

members of a highly organized community. 

The number of cells in this community is 

tightly regulated—not simply by controlling 

the rate of cell division, but also by 

controlling the rate of cell death. If cells are 

no longer needed, they commit suicide by 

activating an intracellular death program. 

This process is therefore called programmed 

cell death, although it is more commonly 

called apoptosis (Albert et al., 2002). 

 

Apoptotic cells with degraded DNA were 

represented with black spots on the moue 

blastocysts embryo which have been exposed 

to various concentration in PAMAM (G2) 

and PAMAM-PEG (G2) dendrimer for 24 

hours (Figure 1a and 1b). There were 5 

different concentration of dendrimer used in 

the study (50 µg/ml, 100 µg/ml, 200 µg/ml, 

300 µg/ml, and 400 µg/ml). The control 

embryo without any exposure to dendrimer 

showed a very low apoptotic lesions with just 

0.94 and 0.85 lesion in average, and these 

number were gradually increase with the 

increase of dendrimer concentration, both in 

PAMAM (G2) and PAMAM-PEG (G2). The 

highest apoptotic cell number was shown in 

400 µg/ml PAMAM (G2) dendrimer, which 

reached 5.90 black dots in average. 

Compared with the unmodified ones, the 

apoptotic lesions in PEGylated PAMAM 

were significantly decreased for all 

concentration tested. Significant difference of 

the results were also shown on the two 

highest concentration (300 µg/ml, and 400 

µg/ml) of both unmodified and modified 

PAMAM (G2) dendrimer (Figure 1c). 

 

3.2. Hoechst Staining 

Hoechst staining is a cell-permeable DNA 

stain that is excited by ultraviolet light and 

emits blue fluorescence at 460-490 nm. 

Hoechst 33342 binds preferentially to 

adenine-thymine (A-T) regions of DNA. This 

stain binds into the minor groove of DNA 

and exhibits distinct fluorescence emission 

spectra that are dependent on dye:base pair 

ratios. Hoechst 33342 is used for specifically 

staining the nuclei of living or fixed cells and 

tissues. This stain is commonly used 

incombination with 5-bromo-2'-deoxyuridine 

(BrdU) labeling to distinguish the compact 

chromatin of apoptotic nuclei, to identify 

replicating cells and to sort cells based on 

http://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A4937/
http://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A5682/
http://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A5682/
http://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A5682/
http://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A4839/
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their DNA content. A combination of 

Hoechst 33342 and propidium iodide have 

been extensively used for simultaneous flow 

cytometric and fluorescence imaging analysis 

of the stages of apoptosis and cell-cycle 

distribution. 

 

As shown in Figure 2, exposure of cells to 

both kinds of dendrimer resulted in the 

decrease of cell proliferation. However, the 

cell number in PAMAM-PEG (G2) 

dendrimers were higher in all concentration. 

A normal blastocyst cell without any 

exposure on dendrimer had an average 

number of cell more than 100 cells. The cell 

proliferation were gradually decrease in the 

higher concentration of dendrimer for both 

kinds. All of the concentrations showed 

significant difference of cell number 

compared with the control. However, the 

proliferation induced by PEGylated 

dendrimers were better than the unmodified 

ones, which indicated that conjugating with 

PEG arms protected against dendrimer-

induced cytotoxicity. 

 

3.3. Blastocysts Outgrowth Assay 

Successful implantation of the blastocyst is 

essential for reproduction. he process of 

mammalian implantation has been 

investigated using an in vitro model system 

wherein the trophoblast cells of mouse 

blastocysts attach to and outgrowth on tissue 

culture plates containing a complex 

medium. Blastocysts that adhered to the 

culture plate were designated as adhesion 

blastocysts. When trophoblast cells had 

grown outward from the adhered blastocysts 

and the primary trophoblast cells became 

visible, these embryos were designated as 

outgrowth blastocysts. The proportions of 

blastocysts undergoing adhesion and 

outgrowth were estimated at 72 h after 

growth factor treatment.  

 

The proportions of hatched blastocysts 

showing adhesion or outgrowth were used to 

estimate the implantation capacity of 

blastocysts in vitro. The blastocyst outgrowth 

is classified into 3 grades according to their 

expansion degree and hatching status; 1) 

Grade I: The mouse blastocysts still contain 

the zona pellucida, thereby losing the ability 

to be hatched, and not allow outgrowth 

process onto fibronectin; 2) Grade II: The 

expansion of trophectoderm (TE) cell is 

below part and inner cell mass (ICM) itself 

exhibited an altered morphological structure; 

3) Grade III: The expansion of outgrowth TE 

cells covers ICM. 

 

Figure 3. Grade III Blastocysts Outgrowth 

Percentage of PAMAM and PAMAM-PEG 

(G2) 
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As the grade III of outgrowth process 

indicates the good development of embryo, 

Figure 3 showed the percentage of grade III 

blastocysts after 72 hours exposure of both 

PAMAM (G2) and PAMAM-PEG (G2) 

dendrimers in various concentration. It can 

be seen that the control embryo without any 

addition of dendrimers showed the highest 

percentage of grade III development, which 

were 96.43% and 95.45%. As the  

concentration increase, the percentage of 

embryo which underwent grade III outgrowth 

gradually decrease. However in PAMAM-

PEG group, the grade III blastocysts 

percentage was higher than the unmodified 

one for all of concentrations. It showed that 

the PEG conjugation on PAMAM (G2) 

dendrimer resulted in better outgrowth 

process. 

 

4. DISCUSSION 

Dendrimers are the few types of synthetic 

polymers that can be precisely controlled in 

size and structure. The well-defined structure 

renders dendritic macromolecules unique 

properties for versatile applications, 

especially in the biomedical field. The outer 

layer possesses a defined number of reactive 

functional groups that may be modified to 

influence the valency, solubility, tissue 

binding, pharmacokinetics or biodistribution 

properties of the dendrimer. In addition, the 

surface reactive groups may also be used to 

covalently attach drug molecules via labile 

chemical linkages. Using these approaches, 

dendrimers can be constructed with precise 

control over the number of generations and 

surface functionalities, producing structures 

with typically high monodispersity when 

compared to the synthesis of traditional 

polymers which typically produce statistical 

mixtures of products (Kaminskas et al., 

2012).  

 

In recent years, there has been an explosion 

in the use of dendrimer- based nanocarriers 

for drug delivery. Conventionally, drugs are 

attached directly via linkers or spacers to 

dendrimer terminal groups and, in some 

instances, in combination with targeting 

moieties. The hydrophobic interior or the 

reactive periphery of the dendrimers can be 

used as host for various drugs or imaging 

agents. Also, they have been shown to be 

rapidly internalized into cells through 

endocytosis due to their nanometer-scale 

dimensions. These unique properties make 

dendrimers attractive for biological and drug-

delivery applications. 

 

Polyamidoamine (PAMAM) dendrimers 

were the first complete dendrimer family to 

be synthesized, characterized and 

commercialized (Esfand and Tomalia, 2001). 

PAMAM with an ellipsoidal or spheroidal 

shape is one of the most-studied starburst 

macromolecules. Due to specific synthesis 

PAMAM dendrimers have some interesting 

properties, which distinguish them from 

classical linear polymers, e.g. PAMAM has a 
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much higher amino group density comparing 

with conventional macromolecules. Also, 

PAMAM Dendrimers possess empty internal 

cavities and many functional end groups 

which are responsible for high solubility and 

reactivity. These specific properties make 

dendrimers suitable for drug delivery 

systems. 

 

PAMAM dendrimers are arguably the most 

extensively studied dendrimers for 

biomedical applications, especially as 

carriers of biologically active agents. 

Considering the use of dendrimers for drug 

delivery, it is necessary that they are nontoxic 

and biocompatible. As has been widely 

documented, dendrimers bearing NH2 termini 

display concentration and generation-

dependent cytotoxicity. Although negatively 

charged carboxyl terminated dendrimers are 

less toxic, they are less suited for drug 

delivery as they are unlikely to interact or 

bind to the negative surface of cells. It is 

thought that the cytotoxicity of cationic 

PAMAM dendrimers resulted from the 

interactions between positively charged 

dendrimers and negatively charged molecules 

located on the cell surface. Noteworthy, the 

modification of cationic dendrimers with 

other molecules is likely to decrease the 

positive charge on the dendrimer surface, and 

leads to a gradual decrease in cytotoxicity. 

Conjugation with PEG chains has been 

considered as a method of reducing the 

toxicity and increasing the biocompatibility 

of dendrimers because PEG is nontoxic, 

nonimmunogenic, and has favorable 

pharmacokinetics as well as tissue 

distribution. Earlier, PAMAM dendrimers 

with PEG grafts on the surface exhibited 

improved biocompatibility and efficiency of 

carrying genes or drugs. Although cationic 

amine-terminated dendrimers were 

conjugated with PEG to reduce their 

cytotoxicity, the modification of these novel 

delivery vehicles should not disturb their 

wide applications. Endocytic internalization 

is a prerequisite for effective performance. 

The rate of cellular uptake of dendrimers 

might be essential in the context of their 

proposed use as gene/drug delivery systems. 

PAMAM dendrimers had been proven to be 

easily endocytically captured. The uptake 

rate of PEGylated dendrimers should be 

quantified to ensure optimal design for 

applications (Wang et al., 2009).  

 

Based on Figure 1, mouse embryos still 

showed some apoptosis when they were 

exposed to various concentrations of 

PAMAM-PEG (G2) dendrimers (ranging 

from 50 µg/ml, 100 µg/ml, 200 µg/ml, 300 

µg/ml, (and) to 400 µg/ml). Apoptosis in 

mouse embryos results in defective cells, 

manifesting as black spots (apoptotic 

lesions). The number of black spots is in 

proportion to increased dendrimer 

concentrations. Cationic PAMAM 

dendrimers generations 1–4 had been 

reported to have low cytotoxicity (Duncan & 
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Izzo, 2005), since the apoptotic lesions were 

low in mouse embryos.  

 

The conjugation of PAMAM (G2) dendrimer 

with PEG chain made the apoptotic lesions 

on mouse blastocysts become lower than the 

ones exposed with the unmodified PAMAM 

(G2) dendrimer. This conjugation also caused 

less damage in the embryo, proven by more 

number of cell proliferation compared with 

the unmodified one in Figure 2. Morover as 

shown in Figure 3, the blastocyst outgrowth 

exposed to PAMAM-PEG (G2) dendrimer 

also resulted in more grade III outgrowth 

development.  In conclusion, unmodified 

(G2) PAMAM Dendrimer still has a little 

cytotoxic effect on mouse blastocysts and 

PAMAM-PEG (G2) Dendrimer can reduce 

the cytotoxic effect with respect to the 

apoptotic effect, cell proliferation, and 

blastocysts outgrowth. PEGylated dendrimers 

were more suitable and valuable for practical 

applications in which they presented as safer 

nanoparticle for human consumption in the 

future research. 
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ABSTRACT 

 
Catfish meatball is one of children favored foods. The food is good because low colestrol and high 

protein. However the meatball is normally hard to bite for the children because they use a tapioca 

wich contain amylopectin high cocentration. Sense the meatball favored by children, this food is a 

good agents to delivered antioxidant. Substitution with flour of purple sweet potato (Ipomea 

batatas L.), will increase antioxidant concentration, and at the same time would reduce the 

hardness of the meatball produced. Because purple sweet potato (Ipomea batatas L.) contain low 

amylopectin. To meet these goals two stages of research were conducted 1 (first) add the identity of 

most appropriate levels of purple sweet potato (Ipomea batatas L.) concentration wich was 

accepted by panelist to this five levels of flour cocentation where the five levels is 0% (control); 

10%; 20%; 30% and 40%. Produced meatballs where evaluated by sensorically intern of color, 

smell (aroma), and overall. For 20% concentration flour purple sweet potato (Ipomea batatas L.) 

was preferer by panelist in term of its texture, taste and taste. However more than 20% of 

concentration flour purple sweet potato, make the hardness too soft and was not aceepted and the 

taste was dominantly by flour purple sweet potato. The research was concentrate use of two 

concentration flour purple sweet potato (Ipomea batatas L.). The results showed that the protein 

wasn‘t significantly different from both concentration purple sweet potato (Ipomea batatas L.) 

between 10%; 20% and control. Where are the antioxidant will increased by substitution of both 

10% concentration of flour sweet potato (Ipomea batatas L.) and 20% concentration flour purple 

sweet potato (Ipomea batatas L.). The higher antioxidant is in 20% concentration of  purple sweet 

potato (Ipomea batatas L.) flour. The hardness of produced meatballs treated with 10% and 20% of 

flour were lower than the unsubstitution (control). This analysis uses a non-parametric test for first 

stage. Then using test one way anova to test the effect of texture and antioxidant treatment. 

 
Keywords: catfish meatballs, tapioca flour, purple sweet potato 
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1.INTRODUCTION 

Meatball is a processed meat product that is 

very well liked. Beef prices is costly. Beef 

meatballs can be replaced with fish meat that 

has a fairly high protein content. Protein in 

catfish 17.7%. Catfish Clarias batrachurs by 

its Latin name, it is very popular with all 

people because the meat is very tasty and 

delicious. The low fat from catfish can 

helping a pregnant woman to growth of the 

fetus either for good heart health and for 

growing children, (Team Agriminakultura, 

2008). Catfish meatballs substituted by 

purple sweet potato flour (Ipomoea batatas 

L.) because it has several advantages, namely 

fiber, and high anthocyanin than other types. 

The function of anthocyanins in purple sweet 

potatoes have antioxidant effects that can 

destroy free radicals, as a result of nicotine, 

air pollution and chemicals. (Iriyati, 2012).  

The purpose of this study to obtain the exact 

composition between tapioca flour with 

sweet potato flour on the physicochemical 

and sensory of catfish meatball 

 

According Wibowo (1995), meatballs 

sensory quality criteria include: 

1 Texture 

Texture that has good quality is a compact 

texture, elastic, springy but not tough, no 

meat fibers, not mushy, not wet watery and 

fragile. 

2 Colors 

The meatballs were good for a young brown 

beef and white for fish balls. The resulting 

color depends on the color of meat is used as 

the base material and the addition of tapioca 

flour. The more tapioca flour used color 

fading meatballs. 

3 elasticity 

Good level of resilience is the meatballs were 

not too chewy tapioca flour as more and 

more were added to the clay structure gelnya 

that the resulting product is less good 

meatballs. 

4. sightings 

Round-shaped fish balls should be smooth, 

uniformly sized, clean, and not dull. 

5. Odor 

Distinctive odor of fresh fish stew 

(depending on the type of fish used), the 

smell of spices is quite sharp, not fishy / stale 

6 Sense 

Delicious, flavor of the fish in accordance 

with the type of fish used, not too salty 

seasonings. 

 

2.MATERIAL AND METHOD 

2.1.Material and Tools 

The materials used in this study is the purple 

potato flour, tapioca flour, meat catfish, ice 

water, salt, spices, such as garlic, sesame oil, 

egg whites. The tools used are spoons, 

containers, pots, stoves, knives, blender, 

analytical balance. Tools for test hardness is 

Texture Analyser  the brand LLOYD. 

Equipment to test moisture content is 

porcelain bowls and oven. Equipment for 

protein assay include kjeldahl tube, 

distillation and other chemical tools. 
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Equipment for antioxidant test  vials tube, 

flask, aluminum and other chemical tools. 

 

2.2.Methode 

The study was conducted two phases: the 

first preliminary test to determine the ratio of 

sensory subtitusion tapioca flour and a purple 

potato flour against catfish meat to be used in 

the main study. The second  main is a study 

protein test, antioxidant test and texture. This 

analysis used non parametric test for sensory. 

Then using one way ANOVA test for the 

effect of antioxidant treatment trials base on 

texture and self life  

 

3.RESULTS AND DISCUSSION 

3.1.Sensory 

Table 1: Results of Preliminary Test of 

Sensory Research on Catfish Meatballs with 

Various Concentrations of Tapioca Starch. 

Specification: 

• All values are mean ± standard deviation 

• Values with different superscript in each parameter 

showed a significant difference at 95% confidence 

level (p <0.05) using the Kruskal Wallis and Mann 

Whitney. 

 

Based on Table 1 above it can be seen that 

the concentration of purple sweet potato flour 

substitution of 10% is most preferred by 

consumers in terms of color, aroma, and 

overall. Purple sweet potato flour substitution 

concentration of 20% is most preferred by 

consumers in terms of texture, flavor and 

after-taste. From the results it was found that 

if the starch concentration of 10% and 20% 

had no noticeable difference in the 

assessment of the panelists all parameters 

tested. Therefore, the main study used two 

concentrations of the purple sweet potato 

flour. The results showed that the higher the 

percentage the addition of flour, of which 

more than 20%, namely 30% and 40% giving 

a purple potato flour, the lower level of 

preference panelists.  This is because the 

panelists prefer a scent that smells meat 

meatball aroma compared with flour. During 

ripening reaction will occur between fillers 

and meat, so the aroma of the meat is reduced 

during processing, (Montolalu, 2013). 

Panelists also like meatballs that color is not 

flashy, and not dark. Protein content in 

purple sweet potato caused color being 

brown. The more purple potato flour, make 

Purple sweet potato 

flour substitution 

treatment 

Parameter 

 

Color Aroma Texture Taste After taste Overall 

Control 4,17 ± 1,05 
a 

3,40 ± 1,61 
a 

3,70 ± 1,41 
a 

3,70 ± 1,41 
a 

3,70 ± 1,29 
a 

3,97 ± 1,29 
a 

10% 3,80 ± 1,21
a
 3,67 ± 1,21 

a 
3,27 ± 1,33 

ab
 3,70 ± 1,20 

a 
3,67 ± 1,29 

a 
3,73 ± 1,28 

a 

20% 3,07 ± 1,01
 

b
 

2,83 ± 1,05 
b 

3,47 ± 1,07 
a 

3,07 ± 1,38 
ab

 3,10 ± 1,39
 a
 3,03 ± 1,24 

b 

30% 1,97 ± 0,99 
c
 

2,60 ± 1,22 
b 

1,97 ± 1,15
 c
 2,17 ± 1,17 

c 
2,23 ± 1,16 

b 
2,20 ± 1,18 

c
 

40% 2,00 ± 1,23 
c 

2,50 ± 1,61 
b 

2,60 ± 1,40 
bc 

2,37 ± 1,18 
bc 

2,30 ± 1,26 
b 

2,07 ± 0,98 
c 
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more taste of the purple sweet potato flavor 

than the meat., (Montolalu, 2013).  The 

texture of the meatballs hardness was 

diminished during the addition of purple 

sweet potato flour. Similarly, the after taste 

meatballs, where more and more flour is 

added has a sweet potato after taste purple. 

 

3.2.Protein 

Table 2. Protein Test Results on the Main 

Test with a concentration of 10% and 20% 

Concentration purple 

sweet potato 

Protein levels (%) 

Control 36,59 ± 1,36 
a
 

10% 34,75 ± 1,25 
a
 

20% 34,81 ± 2,17 
a
 

Specification: 

• Data shown are mean ± standard deviation 

• Values with different superscript in each parameter 

showed a significant difference between treatments at 

the 95% confidence level (p <0.05) by one-way 

ANOVA 

 

From the data in Table 2, it is known that 

protein content catfish meatballs are higher 

than in the control catfish meatballs with 

purple sweet potato starch concentration of 

20% in the amount of 34.81% and catfish 

meatballs with purple sweet potato starch 

concentration of 10% is equal to 34.75%. In 

control of catfish meatballs with purple sweet 

potato flour 10% and 20% there is no real 

difference. Catfish meatballs with purple 

sweet potato flour 10% with catfish meatballs 

purple potato flour 20% known no real 

difference.  This means that the substitution 

of sweet potato flour for each different 

treatment does not give significant effect on 

the value of the protein content meatballs, 

(Yudanto. 2009). 

 

3.3.Antioxidant 

Table 3 Antioxidant Content of Catfish 

meatballs with potato starch concentration 

Various Purple 

Concentration 

purple sweet 

potato 

Antioxidant 

Control 11,95 ± 7,95 
a 

10% 17,20 ± 7,62 
b 

20% 24,13 ± 7,92 
c 

Specification: 

• Data shown are mean ± standard deviation 

• Values with different superscript in each parameter 

showed a significant difference between treatments at 

the 95% confidence level (p <0.05) by one-way 

ANOVA 

 

The highest antioxidant concentration on 

catfish meatballs with purple sweet potato 

flour 20% of 24.13% than catfish meatballs 

purple potato flour concentration 10% by 

17.20%. Lowest antioxidant found in catfish 

meatballs control the amount of 11, 95%. 

Meatballs control of purple potato meatball 

starch concentration of 10% and 20% are 

known from the table there is a real 

difference. Between meatballs concentration 

10% purple sweet potato flour and potato 

starch concentration of 20% purple had real 

difference. The addition of purple potato 

starch concentration of 20% has a higher 

antioxidant content than others. The presence 

of pigments in sweet potato can serve as a 
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healthy food components, such as 

anthocyanin compounds found in purple 

sweet potato, (Suprapto 2012). Anthocyanin 

levels in the meatballs tend to rise as more 

and more substitution purple sweet potato is 

used in making meatballs so the more the 

levels of anthocyanins contained in the 

meatballs. 

 

3.4.Hardness 

Table 4 Texture Hardness In Purple Sweet 

Potato Flour Concentration Different 

Concentration 

purple sweet 

potato 

Hardness (gf) 

Control 1227,64± 178,67 
a 

10% 1112,07 ± 95,98 
b 

20% 1098,22 ± 133,55 
b 

Specification: 

• Data shown are mean ± standard deviation 

• Values with different superscript in each parameter 

showed a significant difference between treatments at 

the 95% confidence level (p <0.05) by one-way 

ANOVA 

 

The meatballs were given a purple potato 

flour texture hardness decreased. There is a 

real difference between the control catfish 

meatballs with meatballs purple potato flour 

treatment concentration of 10% and 20%. 

While the meatballs concentration of 10% 

purple sweet potato flour with meatballs 

concentration of 20% purple sweet potato 

flour no real difference. Meatball texture is 

determined by the water content, fat content 

and the types of carbohydrates. High water 

content will cause the texture becomes soft. 

The ability of the water holding capacity on 

meatballs, affects the texture of  meatballs. 

The texture can also affect the level of 

fragility caused by gluten which when 

coupled with water and mechanical work will 

form a dough that is elastic, (Montolalu, 

2013). 

 

According to Santoso (2006), the ratio of 

amylose and amylopectin starch sweet potato 

with tapioca inversely related. Purple sweet 

potato flour had 69.82% amylose and 

amylopectin tapioca has 30.18% instead of 

14% amylose and amylopectin 30.18%. The 

meatballs were generated by substitution of 

purple sweet potato has a higher level of 

tenderness of the meatballs without 

substitution purple sweet potato. 

 

Based on table 3 and 4. The higher 

substitution of purple sweet potatoes flour 

will increase an antioxidant and decrease on 

harness. But as known as table 1. 

Substitution purple sweet potatoes 30% and 

40% was not preferred because the color 

being too dark, aroma and taste would 

dominated by purple sweet potatoes as well 

as decreasing hardness. 

 

4.CONCLUSIONS 

The substitution of purple sweet potatoes 

flour as a filler to produce a percentage 20% 

of meatballs with good sensory properties 

and antioxidant as well as texture. The 

addition of purple sweet potato flour increase 
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antioxidants and decrease of hardness. 20% 

antioxidant arebest. Based hardness 10% and 

20% were not significantly different. More 

than 20% the meatballs will be too soft, 

flashy color and more flavor from purple 

sweet potatoes 
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ABSTRACT 

 

Arrowroot (Marantha arundinaceae L.) is one type of Marantaceae family that has high nutrition 

and proven to be potentially developed as a source of carbohydrates. Arrowroot tubers also have 

low Glycemic Index (14) thus suitable to be consumed by people with diabetes mellitus. Angkak is 

natural colorant that have been used widely in Asia as a natural colorant food. The pigment that 

produce by angkak contain antosianin as an antioxidant compound that can increase endurance and 

prevent free radical. Angkak can reduce insulin and blood glucose levels in diabetes patients group. 

The aims of this research were to produce instant arrowroot porridge with low Glycemic Index, to 

find the effect of angkak suplementation to antioxidant activity of instant arrowroot porridge, and 

to know the best drying temperature and growth location that produces the lowest Glycemic Index. 

Variation of drying temperatures were 80
0
C, 90

0
C, 100

0
C and  growth location of arrowroot were 

Demak, Boja, and Bandungan. Production of instant arrowroot porridge begins with production of 

arrowroot starch for further gelatinized (80˚C, 10 minutes), dried, and dry mixing with the mix of 

skim milk, salt, sugar, and angkak. Chemical analysis consist of analysis of amylose content, 

resistant starch content, starch digestion content, antioxidant content, and in vitro Glycemic Index. 

The hypothesis are high temperature can form higher content of amylose and resistant starch. The 

higher the amylose and resistant starch content, the lower starch digestion and in vitro Glycemic 

Index. The higher amount of angkak, the higher antioxidant activity. 

 

Keywords : arrowroot, angkak, gelatinization, drying, location, amylose, resistant starch, starch 

digestion, antioxidant, in vitro Glycemic Index 
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1. INTRODUCTION 

Recently, the population of Indonesia is rely 

to the rice consumption to satisfy the needs 

of carbohydrate each day. Sometimes, 

dependence of Indonesia society is not 

comparable with availability of rice in 

Indonesia. To solve that problem, we can 

substitute rice with other foodstuffs, for 

example : Maranta arundinaceae L. or 

arrowroot which has high carbohydrate 

(Karjono, 1998).  

 

One of the typical characteristic from 

arrowroot tubers is that it can grow on 

various type of soil and altitude. But, 

arrowroot tuber grow better at heights 

ranging from 60-90 meters above sea level 

with moist soil conditions. Arrowroot tubers 

grow with at location that has minimum 

rainfall 150-2000 mm per year, temperature 

22-32˚C, and humidity 50-80% (Rukmana, 

2000). So, arrowroot tubers are found in 

various parts of Indonesia, especially in Java.  

 

Arrowroot tubers have low Glycemic Index 

(14). It is because arrowroot tubers contain 

fiber food, resistant starch, high amylose, and 

the possibility that presence of phenolic 

components which can inhibit starch 

digestibility. Besides that, amylose is 

difficult to digest. So arrorroot tubers can be 

used as food source which have low 

digestibility values (Marsono, 2002). The 

Glycemic Index (GI) of arrowroot tubers is 

14, so it can be consumed by diabetic patient. 

Diabetes melitus (DM) is a condition where 

the blood sugar levels is higher than the 

normal blood levels and generally 

accomanied by a variety of metabolic 

disorders due to hormonal disturbances in the 

body (Hariwijaya  dan Sutanto, 2007). 

 

Then, this research is conducted to produce 

instant arrowroot porridge which is 

supplemented with angkak. Angkak is one of 

the fermentation product which is  from rice 

and produced by mold Monascus purpureus 

and resulting in red or yellow pigmen 

(Steinkraus, 1983). The pigmen that 

produced by angkak contains antosianin as an 

antioxidant compound that can increase 

endurance and prevent free radical (Timotius, 

2004). There is a study in Cina said that 

angkak extract can decrease insulin and 

blood glucose levels in patient of diabetes 

type II (Fang and Li, 2000). Advantages of 

the use of angkak are easily obtained base 

material, relative stable color, the color 

substance is dissolved in water, the color can 

be mixed with other pigments and food 

ingredients safely (Steinkraus, 1983). 

 

Starch is glucose homopolymer with α-

glycosidic bond, which there is lots on plants, 

especially grains and tubers (Jane, 1995). 

Starch consists of at least by three main 

components. There are amylose, amylopectin 

and other material such as protein and fat 

(Greenwood et al., 1979). Starch digestible is 

the ease level of a type of starch to be 

hydrolized by the starch-breaking enzymes 
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into simple units (Nugent, 2005). Starch 

digestible is affected by the composition of 

amylose and amylopectin. Most of scientist 

said that amylose is digested more slowly 

than amlylopectin because amylose is a 

polymer of the simple sugar with a straight-

chain dan unbranched (Behall & Hallfrisch, 

2002). Foods that are low in amylopectin and 

high amylose content have lower IG value. 

While the comparative ratio of food with a 

higher amylose component results lower IG 

value, because amylose is harder to digest 

and gelatinize (Rusilanti, 2008). The 

composition ratio of amylose-amylopectin 

starch correlated with starch digestion in the 

human body. According to Palupi et al. 

(2007), there are some factors that can 

decrease starch digestion: the usage of 

excessive high temperature at the time of 

processing, interaction between starch with 

non starch component, and the amount of 

resistant starch in starch. 

 

2. HYPOTHESIS 

High temperature results in  higher content of 

amylose and resistant starch. The higher the 

amylose and resistant starch content, the 

lower starch digestion and in vitro Glycemic 

Index. The higher amount of angkak, the 

higher antioxidant activity.  

 

 

 

 

 

3. MATERIAL & METHODS 

This research consist of several steps : 

3.1.Production of Arrowroot Starch 

Arrowroot tubers were washed under running 

water and peeled of the skin. Arrowroot 

tubers that have been cleaned then shredded, 

squeezed, and deposited during 12 hours. The 

deposite obtained was dried using 

dehumidifier (70˚C, 2.5 hours) until the water 

level reached 8%. Next, the dried starch were 

sieved using mesh of 625 to produce 

arrowroot starch powder.   

 

3.2.Production of Gelatinized Starch 

Arrowroot starch that had been produced 

then being gelatinized by dissolving into 

water with ratio of 1 : 4 (starch : water). The 

solution was stirred until homogen and 

heated in hot water (80˚C, 10 minutes) till it 

became gelatinized. Gelatinized arrowroot 

starch then dried by oven dryer at 

temperature 80˚C, 90˚C, and 100˚C for 1 

hour.  

 

3.3.Production of Instan Arrowroot 

Porridge 

Gelatinized arrowroot starch that have been 

dried was mixed with other ingredients, such 

as skim milk, salt, sugar, and angkak (1,5%).  
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Table 1. Formulation of Instant Arrowroot 

Porridge 

Materials AGSP 

Arrowroot 

Gelatinized Starch 

(g) 
21 

Skim Milk (g) 31,5 

Salt (g) 1,5 

Sugar (g) 6 

Angkak (g) 0,9 

Total Weight (g) 60,9 

Caption:  

AGSP = Arrowroot Gelatinized Starch 

Porridge.  

 

3.4.Chemical Analysis 

Chemical analysis consist of analysis of 

amylose content, resistant starch content, 

starch digestion, antioxidant, and in vitro 

Glycemic Index. Amylose content analysis 

(Apriyantono et al, 1989) and resistant starch 

content (Goni et al, 1996) were done for the 

sample: (1) arrowroot starch and (2) dried 

gelatinized arrowroot starch. Amylose 

content analysis was also being done for 

arrowroot tubers and arrowroot instant 

porridge. While antioxidant analysis 

(Apriyantono et al, 1989) was done for the 

sample: (1) arrowroot tubers and (2) 

arrowroot instant porridge.  Analysis of 

starch digestion (Goni et al, 1997) and in 

vitro Glycemic Index value (Frei et al, 2003) 

were done for arrowroot instant porridge. 

 

Figure 1. Flow Chart of Research Plan 
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ABSTRACT 

 

Lignocellulosic biomass is one of the most abundant renewable resource in the world. It has high 

potential to be used as material for biorefinery process because it yields fermentable sugar that can 

be converted to various bioproducts via microorganism functions. To make the biorefinery process 

success, the efficient hydrolysis process is needed to be improved to release the maximum amounts 

of sugars from lignocellulosic biomass. Natural environment is an important source to find an 

efficient cellulase producing bacteria. Previously, an alkaline-tolerant cellulase-producing 

bacterium, Bacillus subtilis strain MSB9, was screened and isolated from Botanic garden in 

Mahasarakham province, Thailand. In this study, we focused on the purification and 

characterization of cellulase enzyme produced by B. subtilis strain MSB9. The crude cellulase 

enzyme was partially purified and concentrated by ammonium sulfate precipitation and 

fractionated by using size exclusion chromatography using sephacryl S-100 HR column. Two of 

purified cellulase have relative molecular mass of 35 and 45 kDa, as determined by SDS-PAGE 

combined with CMC-zymogram.  

  

Keywords: Cellulase, Purification, Thermophilic bacteria, Bacillus, Thailand 
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1. INTRODUCTION  

Lignocellulosic biomass is one of the most 

important renewable material for biorefinery 

worldwide. It is the main component of 

plant cell walls. Mainly, it composed of 

three main components, cellulose (a 

homologous polymer of glucose molecules 

connected by β-1,4 linkages), hemicelluloses 

(a heterologous polymer of 5- and 6-carbon 

sugars), and lignin (a complex aromatic 

polymer) (1). Based on these characters, it 

draws economic interest to develop 

processes for effective conversion and 

utilization of lignocellulosic biomass as 

inexpensive sugars or carbon sources in 

fermentation processes. 

 

For biorefinery, the step to convert 

lignocellulosic biomass to fermentable sugars 

is a major bottleneck (2) for the aspects of 

time and cost of the process. To achieve the 

success for lignocellulose conversion, the 

development of cellulase enzyme is needed 

with high efficiency enzyme, low cost, stress-

tolerance properties.  

 

In this study, we aimed to isolate and purify 

cellulase enzyme produced by an alkaline-

tolerant bacterium, Bacillus subtilis strain 

MSJ9 that  was screened and isolated from 

Botanic garden in Mahasarakham province, 

Thailand.  

 

 

 

2. MATERIALS AND METHODS  

2.1. Culturing condition for cellulase 

production  

Bacillus subtilis strain MSB9 was previously 

screened and isolated from soil samples in 

Botanic garden in Mahasarakham province, 

Thailand (3). This bacterium is able to grow 

in  carboxymethylcellulose (CMC) agar 

plates (0.5% CMC, 0.1% NaNO3, 0.1% 

K2HPO4, 0.1% KCl, 0.05% MgSO4, 0.05% 

yeast extract, 1.5% agar) (4) at pH 10.0. 

Therefore, it can be categorized to be an 

alkaline-tolerance bacterium. 

 

The total cellulase activity was performed by 

transferring 100 µl of overnight culture to 10 

ml of fresh CMC broth media, and cultures 

were incubated at 45 °C for 48 h. Then the 

crude cellulase enzyme from supernatant 

fractions of each bacterial isolates were 

tested for activity to digest two different 

cellulose substrates, filter paper and CMC 

using standard method (5) and the sugar 

products were measured by dinitrosalicylic 

(DNS) assay (6). Enzyme activity was 

defined as the amount of enzyme that 

released 1 µmol of glucose per min. Protein 

determination was done by using Bio-Rad 

protein assay kit with protocol described in 

manual. All experiments were performed 

with three replicates.  

 

2.2. Enzyme preparation and purification 

After incubation in CMC broth at 45°C for 

48 h, the culture was centrifuged and 



 

3
rd

 International Student Conference  95 
―Greening The Food Industry : Innovation for Sustainibility‖ 

 Department of Food Technology, Soegijapranata Catholic University Semarang 

Tuesday, September 2
nd

 2014 

 

95 

 

supernatants were used as crude cellulase 

enzyme. 200 ml of the crude enzyme was 

brought to 80% saturation with ammonium 

sulfate. Pellet was collected by centrifuged at 

10,000 rpm for 20 min, and dissolved in 5 ml 

of 50 mM sodium phosphate buffer (pH 5.0) 

for dialysis.  

 

Before protein dialysis, dialysis membrane 

(Float-A-Lyzer, Spectrum Lab, USA) with 

10 kDa MWCO was prepared as described in 

the manual. Dissolved pellet was dialyzed 

against 30 mM sodium phosphate buffer (pH 

5.0) at 4 
o
C with three changes of buffer. 

This solution was applied to a Sephacryl S-

100 column (16 x 600 mm; HiPrep 16/60 

Sephacryl S-100 HR, GE Healthcare Life 

Science, USA) equilibrated with 30 mM 

sodium phosphate buffer (pH 5.0) at a flow 

rate of 0.2 ml/min. The cellulase fractions 

were pooled and concentrated by Vivaspin-

500 column (GE Healthcare Life Science, 

USA) with 10 kDa MWCO. Concentrated 

cellulase fraction was analyzed by 12% gel 

SDS-PAGE to determine the molecular 

weight of purified enzyme sample by 

comparing with standard protein marker 

(BLUeye Protein Ladder, RBC Bioscience, 

China). Protein samples were stained with 

Coomassie Brilliant Blue R-250.  

 

To generate the zymogram pattern, 

concentrated cellulase fraction was applied to 

12% gel SDS-PAGE (containing 1% CMC). 

Then, SDS was removed by soaking the gel 

in wash buffer (30 mM sodium phosphate 

buffer containing 40% isopropanol (pH 7.2)) 

for 1 h. The gel was soaked in equilibrated 

buffer (30 mM sodium phosphate buffer (pH 

7.2)) for 1 h, and transferred into renaturing 

buffer (30 mM sodium phosphate buffer, 5 

mM β-mercaptoethanol, 1 mM EDTA (pH 

7.2)) at 4 
o
C overnight. The renatured gel was 

stained with 1% congo red solution for 15 

min, and washed  with 1 M NaCl solution. 

The band of cellulase was seen as a clear 

zone against background. 

 

3. RESULTS AND DISCUSSION  

To monitor cellulase activities of  Bacillus 

subtilis strain MSB9, crude cellulase enzyme 

was first prepared by culturing this bacterium 

in CMC broth media at 45 °C for 48 h. The 

total cellulase activity was determined by 

standard method (5) using filter paper and 

CMC as substrates. The result was shown 

that FPase and CMCase activity are 2,022 

and 4,297 U/L, respectively.  
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Next, cellulase enzyme produced by Bacillus 

subtilis strain MSB9 was prepared and 

purified. Crude cellulase enzyme of MSB9 

was prepared from supernatant fraction of 

bacterial culture as described in method. 

After protein precipitation by adding 

ammonium sulfate, sample pellet was 

dialyzed, and fractionated by Sephacryl S-

100 column. Each collected fractions were 

tested for cellulase activity using CMC and 

Figure 1. The enzyme activity of B. subtilis strain MSB9 in each fraction by using 

different substrate. (A) CMC and (B) Filter paper. 
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filter paper as substrates (Figure 1). The 

cellulase activities were determined based on 

the absorbance at 540 nm of DNS assay. The 

results showed that fraction number 13 and 

14 have the highest CMCase and FPase 

activities, respectively.  

 

To analyze with SDS-PAGE and CMC 

zymogram,  fraction number 12 and 13 were 

pooled together and concentrated again, and 

the pooled sample then was analyzed by 

SDS-PAGE and CMC-zymogram as 

described in methods (Figure 2). SDS-PAGE 

analysis of pooled fraction (fraction number 

12 and 13) from MSB9 protein samples 

revealed at least three major polypeptides of 

apparent size 20, 35, and 45 kDa after stained 

with Coomassie brilliant blue R-250. 

However, zymogram analysis, using CMC as 

substrate, revealed two polypeptides  with 

approximately 35 and 45 kDa bands showed 

clear zone indicating the CMCase activity. 

Based on SDS-PAGE and CMC-zymogram 

analysis, the purified CMCase enzymes 

produced from MSB9 was shown to have 

molecular weight about 35 and 45 kDa. In 

this study, we did not perform zymogram 

using filter paper as substrate, we 

hypothesized that FPase enzyme should have 

molecular weight larger than CMCase  (45 

kDa) because the fraction that has the highest 

FPase activity is fraction number 14 and 

eluted out from the column later than fraction 

number 13. 

 

Figure 2. SDS-PAGE (lane 2) and CMC-

zymogram (lane 3) analysis of pooled 

fraction number 12 and 13 protein samples 

isolated from B. subtilis strain MSB9. 

 

We, next, aim to study for more details about 

this enzyme, including finding optimal 

condition for enzyme activity, and kinetic 

properties. The identification of polypeptide 

sequence should be done by using LC-

MS/MS to track back to the gene encoding to 

this enzyme.  

 

4. CONCLUSION 

The newly bacterial isolate, B. subtilis strain 

MSB9, is a potent cellulolytic bacterium 

because it can tolerate at high pH condition, 

which makes it become a good candidate for 

industrial applications. Here, we identified at 

least two types of cellulase enzymes that 

have CMCase activity. We further aim for 

characterization of these CMCase and also 

FPase from fraction number 14, which helps 

to extend the application of these enzymes to 

various types of cellulose substrates. 
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ABSTRACT 

 

Ice cream is a dairy product that containof high fat. The fat existence in the ice cream 

contributesonthe ice creambody and texture. Decreament of fat content in the ice cream product 

can make the ice cream melt quickly.  The usage of stabilizers and carbohydrate-based fat replacer 

can improve the body and texture of low - fat ice cream. Cornstarch, mocaf and canna flour is 

severalmaterials that can be use in the ice cream products as carbohydrate - based fat replacer. The 

usage of each fat replacer will cause a different viscosity. The purpose of this research was to find 

out the characteristics of ice cream dough viscosity against the overrun. The formulationratio in 

this research: whipped cream against the flour (cornstarch, mocaf and canna flour) was 75% : 25%. 

The results showed that on mocaf flour ice cream, the value of overrun was the closest to the 

control ice cream rather than cornstarch ice cream and canna flour to the control ice cream. The 

value of control ice cream overrun was 76.25%  and for the flour mocaf ice cream was 61.21%. 

The dough viscosity can reach valueof 66.25 d.Pa.s, and this can increase the overrun value of 

carbohydrate-based fat replacer ice cream. 

 

Key words:Ice cream, fat replacer, cornstarch, mocaf, canna flour. 
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1. INTRODUCTION 

Ice cream is one of dairy products 

whichcreated by freezing and mixing the raw 

materials together. Ice cream has 3-4% milk 

fat, 12-14% solids not fat, 29-31% total 

solids, 0.4% stabilizers and 13-16% 

sweeteners (Naresh and Shailaja, 2006). The 

high fat content of ice cream comes from 

whipped cream and milk. Whipped cream is 

used to help the development process and the 

cream, texture and shape formation of a 

product (Bennion and Hughes, 1975). In an 

ice cream product, the fat content can affect 

the dough viscosity and the air trapping. 

Arbuckle (1996) said, the viscosity is an 

important characteristic of a nice cream  

dough, which is to get a proper foaming and 

to restrain the air. Therefore, carbohydrate-

based fat replacer was used in this research to 

find out the viscosity characteristics and the 

overrun of low-fat vegetarian ice cream. Fat 

replacer significantly contains less fat and 

calories. In general, carbohydrate-based fat 

replacer aims to reduce fat and calories 

because fat has energy value of 9 kcal / g. 

Carbohydrate or protein-based fat replacer 

has less energy i.e. 4 kcal / g. 

 

Carbohydrate-based fat replacer which used 

in this research was using cornstarch, mocaf 

and canna flours. The reason in choosing 

these flours were because of their high 

carbohydrate content, and also the usage of 

these materials is one of alternative way to 

increasing the diversity of food in Indonesia. 

The usage of this carbohydrate-based fat 

replacer can improve the quality of low-fat 

vegetarian ice cream. The raw material of the 

flours is easily found in Indonesia because it 

is a local raw material. Besides it is easy to 

grown, this flours is also easy to processed 

and ended up with easy to obtained. The 

price of this flour is very cheap and mostly in 

good quality, so that people can buy and 

process them easily. 

 

The starch from different sources also have 

different natures and characteristics due to 

the different type of content and molecular 

structures. Starch molecule consists of two 

fractions i.e. amylose and amylopectin. 

Amylose is a long-chain molecules that affect 

the gel characteristics during the heating and 

cooling. 

 

The purpose of this research was to find out 

the effect of viscosity against the ice cream 

overrun using cornstarch, mocaf and canna 

flours as the alternate carbohydrate-based fat 

replacer. 

 

2. MATERIALS DAN METHODS 

2.1. The Research Time and Place 

This research was conducted in two phase i.e. 

introduction research and main research. 

Both research was done at Food Engineering 

Laboratory and Food Science Laboratory of 

Food Technology Study Program, Faculty of 

Agricultural Technology Soegijapranata 

Catholic University. 
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2.2. Material 

2.2.1. Materials 

The materials used in this research were 

soybean, canna flour, cornstarch, mocaf, 

whipping cream, fructose, baking soda and 

distilled water. 

 

2.2.2. Tools 

The tools used to make ice cream were Ice 

Cream Maker, mixer, blender, freezer, 

measuring cup and a tool to do viscosity test 

i.e. viscometer (RION Viscotester VT - 04) 

(d.pas). 

 

2.3. Methods 

2.3.1. The Making of Soybean Essence 

The making of soybean essence process can 

be seen in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 : Flowchart Process ofSoybean 

Essence(Gulo, 2006 modified) 

 

Description: 

a.  The soybean being soaked with rasio of 

clean water:soybean (1:3) for 12 hours 

and 5 grams of baking soda added. 

b.  The soybean being washed and drained 

c. The soybean being grinded by the ratio 

soybean:water (1:4) 

d. The soybean being filtered 

e. Soybean essence 

 

2.3.2. Making the Ice Cream at 

Different Fat Replacer 

Concentrations  

The process of making the ice cream can be 

seen in figure 2. 
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Soybean Sorting 

Stewing 
(10 m) 

Heating 
70oC  
(15 s) 
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Figure 2: The process of making ice 

cream 

Table 1. Ice cream formulations of 

Carbohydrate-Based Fat replacer 

 

Materials 

 

P0 P1 P2 P3 

Soybean 

essence (ml) 
200 200 200 200 

Fructose 60 60 60 60 

Whipped cream 

(%) 
100 75 75 75 

Cold water(ml) 200 150 150 150 

water (ml) - 200 200 200 

Cornstarch (%) - 25 - - 

Mocaf (%) - - 25 - 

Canna Flour 

(%) 
- - - 25 

(Source : Astawan & Astawan, 1988 

modified) 

 

Description:  

P0: The addition of whipped cream without 

adding fat replacer(control)  

P1: Comparison of cornstarchand whipped 

creamaddition (25: 75)  

P2: Comparison of mocaf and whipped 

cream addition (25: 75)  

P3: Comparison of canna flour and whipped 

cream addition (25: 75) 

 

2.3.3. Ice cream Overrun level analysis 

(Potter & Hotchkiss, 1996) 

Overrun measurements aims to find out the 

increasing of ice cream volume that occurred 

after the freezing and mixing process. The 

principle of overrun measurement is the 

difference between the ice cream volume and 

the dough volume at the same time or the 

difference of the ice cream mass and the 

cought at the same volume. ice cream 

Overrun measurement % can be calculated 

with the following formula: 

overrun = 

100% x 
doughearly  of volume

doughearly  of  volume- mixingafter  of volume

 

2.3.4. Ice cream viscosity measurements 

(Prindiville et al, 2000). 

Ice cream viscosity measurements were 

performed by using a Viscotester at the room 

temperature. Viscosity measurements were 

done on ice cream that has not been and had 

been frozen at temperature of ±4°C. The 

Viscosity Measurement of each ice cream has 

been done for three times replications.
 

2.3.5. Data Analysis 

The data obtained from this research were 

processed using SPSS for Windows version 

14.0 using One Way ANOVA methods and 

Duncan's regiontest. 

 

3. RESEARCH RESULTS 

The physical characteristics of viscosity and 

ice cream overrun at various concentration of 

fat replacer can be seen in Table 2. 

 

Table 2. Ice Cream Physical Characteristics 

in Various Fat Replacer Concentration  

Sam

ple 

Characteristic 

Overrun 

(%) 

Viscosity1 

(d.Pa.s) 

Viscosity2 

(d.Pa.s) 

P0 

 

P1 

 

P2 

76,25 ± 

6,66 
c 

44,01 ± 

7,67
a
 

61,21 ± 

53,33 ± 

3,02 
a 

63,33 ± 

3,02 
bc 

66,25 ± 

29,16 ± 

3,41 
a 

34,16 ± 

4,67 
bc 

38,75 ± 
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P3 

6,59 
b 

40,83 ± 

7,54 
a 

3,79 
c 

61,25 ± 

4,40 
b 

4,08 
c
 

32,50 ± 

3,16 
ab 

Description:  

• P0: ice cream with the addition of 0% 

carbohydrate-based fat replacer and 100% 

whipped cream 

• P1: ice cream with the addition of 25% 

cornstarch and 75% whipped cream  

• P2: ice cream with the addition of 25%  

mocaf  and 75% mocaf whipped cream  

• P3: ice cream with the addition of 25% 

canna flour and 75% whipped cream  

• Viscosity 1: viscosity before freezing.  

• Viscosity 2: viscosity after freezing.  

• Values with different superscript within a 

column indicates a significant differences 

between treatments at the 95% confidence 

level (p <0.05) based on the one way 

ANOVA with Duncan's multiple range 

test using of different tests. 

 

The research result in Table 2 shows that the 

control ice cream has a higher overrun value 

than the ice cream with flour addition. Based 

on one-way ANOVA test of significance 

using Duncan's multiple range tests, the ice 

cream overrun percentage significantly 

different from the control ice cream overrun 

value with the addition of cornstarch, mocaf 

and canna. 

 

The real difference is shown bythe control ice 

cream overrun percentage which higher i.e. 

76.25 ± 6.66 compared with ice cream which 

being added with cornstarch, mocaf and 

canna i.e. 44.01 ± 7.67, 61.21 ± 6.59 and 

40.83 ± 7.54. Viscosity values before and 

after control ice cream freezing is 

significantly different from ice cream which 

being added with cornstarch, mocaf and 

canna because it has a lower value i.e. 53.33 

± 3.02 and 29.16 ± 3.41. 

 

4. DISCUSSION 

Overrun is the increasing of dough volume 

which generated from air trapping at the time 

of the mixing process during the freezing 

period (Muse and Hartel, 2004). Arbuckle 

(1996) said that the viscosity or flow 

resistance is an important characteristic of ice 

cream dough to get a proper foaming and for 

air detention. In this research, ice cream 

viscosity measurements had been done before 

and after freezing at temperature of 4 ± 

1
o
C.Viscosity measurements after freezing 

were done to find out the effect of the 

freezing process.  

 

Table 2 shows that the overrun value of the 

control ice cream is higher than the ice cream 

with flour addition. While the viscosity of the 

ice cream control is lower than the ice cream 

with flour addition. Muse and Hartel (2004) 

said that the fat content in the ice cream will 

be more destabilizated due to mixing action 

so that it forming a fat globule which coat 

and restrain air molecule, and then linked 

together to form fatty tissue which will trap 

the air. Therefore the overrun value of the 

control ice cream is higher because it 
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contains more whipping cream. Whipping 

cream and milk are known as fat source 

within the ice cream products so that the 

overrun value of the control ice cream is 

higher because it can trap air during the 

mixing. 

 

Table 2 also shows that the control ice cream 

has a lower viscosity value than the ice cream 

with flour addition. Viscosity values before 

ice cream freezing has a higher value than the 

viscosity values after freezing. According to 

Setianawati et al., (2002) the decreament of 

viscosity due to the deformation of the ice 

cream shape due to temperature changes 

(heat shock) from the freezing process to 

thawing process. 

 

Overrun value of the ice cream with 

cornstarch, mocaf and canna flours (44.01%, 

61.21% and 40.83%) addition is still below 

the control (76.25%) indicate that 

carbohydrate-based fat replacer have not 

been able to trap the air during the mixing. 

According Adapa et al., (2000), on the thick 

ice cream dough, the bonds between the 

molecules will become more tight so that it 

would be difficult to trap the air during the 

mixing process because the matrix has been 

become solid. Added by Akesowan (2008) 

that the more thick gel network can affect air 

entry during the freezing process, so that the 

overrun values is lower. 

 

Mocaf, cornstarch and canna flours as the ice 

cream fat replacer has a high ability to form a 

water trap gel during the gelatinize process, 

but have a low ability to form an air trapper 

matrix. 

 

Table 2 results shows that the control ice 

cream, cornstarch, mocaf and canna flours 

ice cream has viscosity values after freezing 

i.e. d Pa.s 29.16, 34.16 d.Pa.s, 38.75 d.Pa. s 

and 32.50 d Pa.s. Ice cream which treated 

with various types of flour as a 

carbohydrates-based fat replacer have a more 

viscous characteristics than the control ice 

cream. This was occur because the flours 

contain more starch so that it included in fat 

mimetic group of fat replacer because of its 

ability to absorb large amounts of water that 

can mimic some of the fat on the sensory 

natures of ice cream (Akoh, 1998). 

 

Mocaf flour ice cream has a higher viscosity 

and overrun values compared to the 

cornstarch and canna flour ice cream. This 

relates to the relationship between overrun 

and viscosity. Viscosity determines the ice 

cream overrun. The greater viscosity value 

then the greater percentage of overrun untill a 

certain extent, and vice versa. This is occurs 

because at a certain viscosity the ice cream 

dough capable to trap the air. 

 

If the ice cream dough is too liquid, it has 

less ability to trap the air. For the thick ice 

cream dough, there is only a few space for 
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the air bubble during the mixing because the 

composer molecule structure is too close 

resulting a lower overrun cough value. This 

is occurs because the air bubble which 

trapped in the ice cream has become the 

barrier for the fluid to flow. 

 

5. CONCLUSIONS 

 Substitution of cornstarch, mocaf and 

canna flours as carbohydrate-based fat 

replacer can change the characteristics 

of viscosity and ice cream overrun. 

 The higher overrun value, the higher 

viscosity untill a certain extent. 

 Ice cream with formulation which 

contains of 75% whipped cream and 

25% mocaf flour has a higher overrun 

percentage (61.21 ± 6.59) and also the 

viscosity value before and after deep 

cooling (66.25 ± 3.79 and 38.75 ± 4.08) 

compared with cornstarch and canna 

flours ice cream. 
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ABSTRACT 

 

Red beet (Beta vulgaris) is a source of antioxidants and often used as a natural colorant in the food 

processing. Antioxidant content in beets is called betalain, which are classified into betacyanin 

which is purplish red pigment and betaxhantin which is the yellow orange pigment. Antioxidants 

are compounds that can delay or prevent the oxidation of free radicals such as rancidity and 

discoloration but are very susceptible to degradation. Free radicals are highly reactive molecules 

because it has unpaired electrons in the outer orbital of the molecule so that it can react with the 

cells of the body that can cause disease. Antioxidant activity degradation is determined by 

calculating the activation energy. The activation energy is the minimum energy required to perform 

a reaction. The purpose of this study was to determine the effect of pH, temperature and heating 

duration on antioxidant degradation of red beet powder and to determine the degradation kinetics 

by calculating the value of the activation energy based on the decrease in antioxidant activity with 

Arrhenius model. Preparation of red beet powder is conducted by drying red beet using cabinet 

dryer. Methods of research conducted with three levels, i.e. pH 6, 7 and 8; with four different 

temperatures, i.e. 40
o
C, 60

o
C, 80

o
C and 90

o
C; and at five heating rate, i.e. 0, 5, 10, 15 and, 20 

minutes. The analysis performed in this study is the analysis of antioxidant activity in red beet 

powder using DPPH method. The results were calculated using the Arrhenius equation. The results 

showed that lowest decreasing antioxidant activity is at pH 6, temperature 40
o
C and 0 minute; is 

equal to 25.40% and the highest decreasing antioxidant activity is at pH 8, temperature 80
o
C and 20 

minutes is equal to 49.76%. The highest activation energy (Ea) is pH 6, at 0 minute that equal to 

7303.85 J/mol. While the lowest Ea is pH 8 at 20 minutes that equal to 4230.16 J/mol.  

 

Keywords: red beet powder, antioxidants, activation energy, degradation kinetics 

 

 

1.INTRODUCTION 

Red beet (Beta vulgaris) is purplish red tuber 

and often used as natural food colorant so the 

product can improve consumer attraction. 

Nowadays, synthetic food colorant already 

widely circulated in the community. 

However, it becomes dangerous if we 

consumed it for a long period because it will 

cause carcinogenic effects. To reduce the use 

of synthetic food colorant, we can use natural 

food colorant, i. e. red beet. The benefits of 

this colorant are safe use and also contain 

high of antioxidants. Antioxidants found in 

red beet called betalain. Betalain classified 

into two pigment, betaxhantin which has 

orange and yellow color and betacyanin 
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which has purplish red color (Pitalua et al., 

2010).  

 

Besides betalain, antioxidants contained in 

red beet namely polyphenols, vitamins, 

flavonoids and folic acid. Antioxidants work 

to prevent the oxidation reactions of free 

radicals which can cause rancidity and 

damage to food products and can inhibit 

cancer cells that are good for health 

(Windono et al., 2001). 

 

Red beet powder can be used as a natural 

colorant for beverage products. In red beet 

beverage processing using heat treatment, 

antioxidants found in red beets will be 

degraded. Stability of betalain influenced by 

light, oxygen, water activity, pH and 

temperature (Gaztonyi et al., 2001). 

 

Temperature affects the rate of reaction as a 

factor affecting the decline of the food 

product quality. Higher temperature will 

caused reaction rate become faster so the 

antioxidant activity became decrease. 

Betalain stable at temperatures below 40
o
C 

and in acidic conditions with a pH range of 4-

6 (Fennema, 1997) 

 

This research use three different pH 

condition; pH 6 (acidic), 7 (neutral), and 8 

(alkaline). Selection of the pH to determine 

antioxidant degradation of red beet, because 

not all products are produced under 

conditions of acidic beverages. Based on that 

statement, the research is conducted to 

determine the degradation kinetics of the 

antioxidant activity in red beet powder with a 

combination of pH, temperature and heating 

duration. Besides that, the Arrhenius 

approach is used to calculate the changes of 

activation energy. 

 

2.MATERIALS AND METHODS 

2.1.Chemicals and Tools. 

The materials used in this study are red beet 

powder, methanol, distilled water, DPPH 

solution, 10% HCl solution and 10% NaOH 

solution. The tools used in this study are the 

cabinet dryer, blender, slicer, pH meter, a 

closed reaction tube, water bath, 

thermocouple and spectrophotometer. The 

data analyses are conducted with Microsoft 

Excel 2010 and MatLab 2010a. 

 

2.2.Sample Preparation. 

 Red beet is dried with dryer cabinet to form 

a powder blend. The powder is dissolved, and 

then treated with 3 levels of pH (pH 6, pH 7, 

and pH 8). NaOH solution is added to make 

alkaline condition; meanwhile HCl solution 

is added to make acidic condition of sample. 

Next, the sample are placed in a reaction tube 

and heated in a water bath. Each pH level is 

heated with four level of temperature (40
o
C, 

60
o
C, 80

o
C, and 90

o
C) for 0, 5, 10, 15 and, 20 

minutes. Heating temperature of 40
o
C 

betalain pigments to represent optimum 

degree of stabilization of pigment; and the 

temperature of 60
o
C, 80

o
C and 90

o
C are 
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represent pasteurization temperature. 

Combination treatment performed three 

replications. Determination of antioxidant 

activity is conducted with DPPH (2, 2-

diphenyl-1-picrylhydrazyl) method. 

 

2.3.Antioxidant Activity of the Red Beet 

Powder (DPPH method).  

0.5 gram sample was weighed and extracted 

with 5 ml of methanol for 2 hours in the dark 

room. 0,1 ml of extract were taken and 

treated with 3.9 ml of DPPH solution made 

by dissolving 2.4 mg of DPPH in 100 ml of 

methanol. Samples were incubated in the 

dark for 30 minutes and absorbance was 

measured at a wavelength of 515 nm. As a 

control, use 0, 1 ml of methanol were reacted 

with 3.9 DPPH solution and methanol used 

as a blank solution. 

 

Antioxidant activity is expressed as % 

inhibition with the following equation: 

 

Description: 

AA = sample absorbance at 30 minutes 

AB= control absorbance (methanol+DPPH) 

(Williams et al., 1995) 

 

2.3.Logistic Equation.  

The mathematics equation model (logistic 

equation) is used to determine degree of 

antioxidant activity degradation with 

equation: 

A (t) = 
𝐴𝑓

1+𝐶𝑒−𝑟𝑡     

C = 
𝐴𝑓

𝐴𝑜
− 1 

Description: 

A: antioxidant activity degradation 

A0: antioxidant activity degradation at t=0 

Af: antioxidant activity degradation at t time 

r : constant 

t: heating duration (min) 

(Wolf & Venus, 1992 in Garnier et al., 1999; 

modification). 

 

2.4.Antioxidant Degradation Kinetics of 

Red Beet Powder.  

The determination of the Ea value using 

Arrhenius equation, the data obtained by 

analysis of linear equations where Ea is the 

activation energy, whose value is assumed to 

be constant at a certain temperature range, R 

is the gas constant (8.314 J/mol K), T is the 

temperature expressed in Kelvin (K). 

Arrhenius equation can be seen as follows: 

ln k = ln k0 – 
Ea/R

T
 

 

Where the rate constant k showed a decrease 

in quality, k0 is a constant (independent of 

temperature), Ea is the activation energy, T is 

absolute temperature (K), R is the gas 

constant (8.314 J/mol.K) (Arpah, 2003). 

 

3.RESULTS AND DISCUSSION 

3.1.Antioxidant Activity Degradation of 

Red Beet Powder 

 

 

%inhibition= {(AB-AA)/AB} x 100% 
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Table 1. Antioxidant Activity Degradation in Red Beet Powder with Variation of pH, Temperature, 

and the Heating Duration 

pH 
Temperature 

(
o
C) 

Antioxidant Activity Degradation (%) 

Heating Duration 

0 minute 5 minutes 10 minutes 15 minutes 20 minutes 

6 40 25.40±0.64 28.32±1,55 32.53±1.00 35.53±0.96 36.11±0,59 

 
60 27.77±0.29 29.53±0.99 34.30±2.72 35.85±2.62 36.79±2.35 

 
80 34.28±0.90 36.02±0.35 39.32±1.50 39.40±1.13 41.42±2.54 

 
90 37.76±0.21 42.11±0.75 43.98±1.70 45.02±1.82 45.52±0,47 

7 40 29.05±0.20 32.86±0.76 32.95±1.18 36.03±1.20 37.58±3.38 

 
60 30.30±0.47 33.04±0.45 35.63±1.61 37.64±1.62 40.19±2.38 

 
80 34.20±0.88 37.45±0.36 39.21±1.94 41.77±1,49 42.72±1.03 

 
90 39.86±0.61 43.90±1.52 44.46±0.76 45.13±0.79 46.51±0.94 

8 40 29.71±0.98 32.59±1.56 35.38±2.06 37.89±3.29 39.71±2.61 

 
60 31.13±0.41 35.09±1.96 39.11±2.84 41.20±0.46 42.50±1.43 

 
80 36.44±0.59 36.53±0.66 43.00±1.21 45.79±0.15 47.59±0.38 

 
90 41.05±0.89 44.98±1.79 46.01±0.15 47.33± 0.99 49.76±2.77 

Description: 

All values are mean ± SD (Standard Deviation) 

 

From Table 1. there was gradual increase 

antioxidant activity degradation from red beet 

powder at pH 6 in temperatures ranging from 

40
o
C to 90

o
C also in the heating duration is 

started from minute 0 to minute 20. At pH 7 

and pH 8 also showed similar results, 

Antioxidant activity degradation will increase 

with higher heating temperature and longer 

heating duration. The higher degradation is at 

pH 8 with a temperature of 90
o
C in the 20 

minutes. Fennema (1997) said that red beet 

has a pH optimum between pH 4 and pH 6. 

Therefore the antioxidant activity 

degradation of red beet at pH 6 is lower than 

at pH 7 and 8 because in pH 6 the sample is 

at stable pH conditions. Acidic conditions 

can increase antioxidant activity stability 

because it can prevent oxidation so as to 

minimize the damage of betalain pigments 

(Ravichandran et al., 2013). Temperature of 

40
o
C is the optimal temperature for the 

pigment stability so the damage or the 

degradation is still relatively lower than the 

higher temperature (Roy et al., 2004).  

 

Heating causes degradation in the form of 

betalain pigment degradation. This pigment 

is converted into betalamic acid and 

cycloDOPA 5-O-glycoside. The longer the 

heating process, the pigment betalain 
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breakdown process will be greater (Delgado-

Vargas et al., 2000).  

 (a)

 (b)

(c) 

Figure 1. Decrease in antioxidant activity of 

red beet powder on (a) pH 6, (b) pH 7, (c) pH 

8. 

 

In Figure 1. shows that the higher pH will 

caused higher degradation of antioxidant 

activity of red beet powder. On the research 

from Stintzing and Carle (2004), it said that 

pH is a factor determines the stability of 

antioxidant activity. In addition to pH, 

temperature and heating duration can also 

cause antioxidant activity of red beet become 

unstable. Temperature affects the stability of 

the antioxidants in red beets. In theory of 

Stintzing and Carle (2004), betalain stability 

is affected by temperature, pH, moisture, 

light and oxygen. At high temperature, 

antioxidants in red beet powder will be 

damaged. 

 

Logistic model 

(a)  

(b)   

(c)  

Figure 2.  Decrease antioxidant activity of 

red beet powder to the logistic equation on 

(a) pH 6, (b) pH 7, (c) pH 8 

 

In Figure 2. we can be see that the 

antioxidant activity degradation will 

increased with the longer heating duration. 

Highest antioxidant activity degradation is on 

90
o
C at 20 minutes and the lowest 

antioxidant activity degradation is on 40
o
C at 
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5 minutes. 

 

Table 2. Correlation Coefficient of Linear 

Equations in Red Beet Powder 

Temperature pH 6 pH 7 pH 8 

40
0
C 0.967 0.991 0,993 

60
0
C 0.935 0.997 0,954 

80
0
C 0.942 0.971 0.958 

90
0
C 0.953 0.846 0,946 

 

Table 3. Correlation Coefficient of Logistic 

Equations in Red Beet Powder. 

Temperature pH 6 pH 7 pH 8 

40
0
C 0.982 0.996 0.995 

60
0
C 0.960 0.998 0.996 

80
0
C 0.957 0.986 0.979 

90
0
C 0.960 0.973 0.961 

 

In the Table 2 and Table 3 it can be seen that 

the higher correlation coefficient, the 

relationship between x and y will be higher 

too (Labuza, 1978). Based on these results it 

can be concluded that the antioxidant activity 

degradation of red beet powder tends to use 

the principle of logistic equation, where the 

initial heating of antioxidant degradation 

begins to rise higher and then increases the 

longer the increase be fixed at some point. 

Timuneno (2008) states that the logistic 

equation is showed that at a certain point 

decrease in antioxidant activity reaches 

equilibrium, so that the graph will be a 

constant. 

 

According to D'Amico et al. (2006), the 

temperature and time of pasteurization for 

red beet powder is 60
o
C for 18 minutes; 

while according Klewicka & Czyzowska 

(2011) using temperature 80
o
C for 10 

minutes and 90
o
C for 5 min. When the 

pasteurization temperature and time applied 

in the logistic equation for each pH, the value 

of % antioxidant activity degradation of red 

beet powder can be seen in Table 4. From 

Table 4 it can be seen that the pasteurization 

time and temperature are inversely related. 

The higher the heating temperature, the 

shorter the time required. 

 

Tabel 4. % Antioxidant Activity Degradation 

of Red Beet Powder Based on Temperature 

and Time Pasteurization 

 

3.2.Antioxidant Degradation Kinetics of 

Red Beet Powder 

Degradation kinetics of the antioxidant of red 

beet powder was analyzed using the 

Arrhenius equation. The trick is plotting ln k 

(%antioxidants degradation) with 1/T 

(temperature heating) for each heating time 

and pH conditions in order to obtain a linear 

equation. From this linear equation obtained 

value gradient/slope equal to the activation 

energy that divided with the gas constant 

Temperature/duration 

of pasteurization 

% degradation 

pH 6 pH 7 pH 8 

60
o
C/18 minutes 36.79% 40.19% 42.50% 

80
o
C/10 minutes 39.32% 39.21% 43.00% 

90
o
C/5 minutes 42.11% 43.90% 44.98% 
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values (Table 5). 

 

Table 5. Activation Energy Values at Each 

pH 

pH 
t 

(min) 

Slope 

(k) 

R 

(J/mol.K) 

Ea 

(J/mol) 

6 0 878,5 8.314 7303,85 

5 827,7 8.314 6881,50 

10 635,4 8.314 5282,71 

15 603,2 8.314 5015,00 

20 580.4 8.314 4825,44 

7 0 720,7 8.314 5991,80 

5 718,1 8.314 5970,28 

10 618,8 8.314 5144,70 

15 599,6 8.314 4985,07 

20 529,6 8.314 4403,09 

8 0 681,5 8.314 5665,99 

5 626,1 8.314 5205,40 

10 579,2 8.314 4815,46 

15 511,0 8.314 4248,45 

20 508,8 8.314 4230,16 

Description 

T  = heating duration (menit) 

Slope  = gradient (K) 

Ea = activation energy (J/mol) 

R  = gas constant (J/mol.K) 

 

From the Table 5 it can be seen that the 

activation energy of each sample is 

proportional to the value of degradation 

quality constant. The highest activation 

energy is red beet powder at pH 6 were 

heated for 0 minutes; while the lowest 

activation energy is red beet extract at pH 8 

were heated for 20 minutes. According 

Azeredo (2009), degradation of the pigment 

betalain will caused the value of the 

activation energy decreases. This means that 

the greater the degree of degradation of 

betalain pigments, the value of the activation 

energy decreases. 

 

The activation energy the minimum amount 

of energy supplied to a reaction (Hariyadi, 

2004). From the theory of Robertson (1993), 

states that the smaller the activation energy, 

the faster the product will be severely 

degrades. To calculate the activation energy, 

make a graph of ln k with 1/T, can be seen in 

Figure 3. it can be seen that the obtained 

linear equation y=mx+b. The slope of the 

equation above represents the value (-Ea/R) 

with constant gas of 8,314 J/mol.K. In the 

linear equation y=-878,5x+1.433 (R
2
=0.995) 

obtained Ea value of 7303.85 J/mol. 

 

CONCLUSION 

 Decrease in the antioxidant activity of 

extracts of red beet will increase when 

the temperature and heating time 

increased. Decrease in antioxidant 

activity in red beet powder will increase 

when conditioned in neutral and alkaline 

pH. 

 The best temperature of pasteurization is 

at a temperature of 60
o
C while the 

pasteurization temperature which causes 

a decrease in antioxidant activity was 

highest in the temperature of 90
o
C. 

 The higher the temperature of 



 
 

3
rd

 International Student Conference  113 
―Greening The Food Industry : Innovation for Sustainibility‖ 

 Department of Food Technology, Soegijapranata Catholic University Semarang 

Tuesday, September 2
nd

 2014 

 

113 

 

pasteurization, the heating duration will 

be lower, stable antioxidant activity 

carried out at a temperature of 60
o
C at 

18 minutes pasteurization, pasteurization 

is done at a temperature of 80
o
C at 10 

minutes and at a temperature of 90
o
C at 

5 minutes. 
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ABSTRACT 

 

Red beet is one of the bulbs that contain betalain pigment that gives color and has a high 

antioxidant activity. Pigment that gives the red color is included in the class betacyanins betalain. 

This makes the red beet can be used as natural dyes in food products. However, pigment 

betacyanins is prone to discoloration and decrease during processing. These pigments are highly 

influenced by the temperature during processing. The application of red beet as natural coloring 

agent on steamed cake products that use mocaf flour. Opportunity to experience a steamed cake 

browning smaller as the temperature is not too high. The use of flour can replace whole wheat 

mocaf to utilize local food, enriching the nutritional value of steamed cake and to reduce the 

community's dependence on wheat flour. The addition of red beet extract steamed cake products 

can provide color and antioxidants. The purpose of this study was to determine the changes in the 

physicochemical characteristics of steamed cake (color, volume and content of antioxidants cake) 

flour based mocaf supplemented with extracts of red beet during the steaming process. This study 

uses a liquid extract of red beet with 3 levels of concentration (the ratio of bits: water) is 1:1, 1:2, 

and 1:3. Physical testing a color analysis and volume development. At the time of steaming for 0, 

4, 8, 12, 16, 20 and 24 minutes the color analysis. In steaming for 0 minutes (batter before 

steaming) and steaming for 24 minutes (steamed cake) volume measurement development. 

Chemical analysis includes measurement of antioxidant activity. Analysis of data using different 

test methods One Way ANOVA with Duncan. The results showed that the use of red beet extract 

will reduce the level of brightness (L* value) but will increase the red color (a* value), volume 

expansion, and antioxidant activity. That the longer steaming time will lower the brightness level, 

the value of a *, and antioxidant activity, but will increase the value of b * steamed cake products. 

 

Keywords: red beet, steamed cake, antioxidants, color, volume development. 
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1.INTRODUCTION 

Red beet contain betalain pigments which 

can be used as a natural coloring agent in 

food products and has a high content of 

antioxidant. Application of red beet as food 

colorants can be used in bakery product such 

as steamed cake. Steamed cake is generally 

use wheat flour as the raw material of 

manufacture. In this research, steamed cake 

is using flour mocaf to reduce dependence on 

wheat flour and enrich the nutritional value. 

During the steaming process, antioxidant 

activity, color and volume of cake can be 

decreased. Therefore, the aim of this research 

is to find out the effect of red beet extract and 

steaming time to physicochemical 

characteristics of steamed cake. 

 

2.MATERIALS AND METHODS 

2.1.Materials 

The materials used in steamed cake making 

are mocaf flour, red beet extract, sugar, egg, 

vegetable oil, water, margarine, emulsifier, 

and salt. 

 

2.2.Steamed cake making 

First of all, 85 g sugar mixed with three eggs 

as much as 150 g, 4 g emulsifier and 0,1 g 

salt. Then the mixing process is carried out 

using a hand mixer on low speed (level one) 

for 30 seconds and then the high speed (level 

three) for 1.5 minutes until the mixture 

thickens and becomes pale. Then added 160 

g of flour mocaf, 75 g of vegetable oil and 

100 g of water or liquid extracts of red beet 

(concentration of 1:1, 1:2 or 1:3), stirred at 

low speed for one minute to dissolve 

completely. The batter is then weighed as 

much as 50 g and put into a baking pan that 

has been spread with margarine and baking 

paper. Furthermore, the batter was steamed 

for 24 minutes. Physical and chemical testing 

(color and antioxidant activity) of the batter 

before steaming (0 minutes), 4, 8, 12, 16, 20 

and 24 minutes, while the physical testing 

(volume development) was done on the batter 

before steaming (0 min) and steamed cake 

after 24 minutes of steaming. 

 

2.3.Volume determination 

Steamed cake was determined using volume 

measurement pan method. This method was 

done by measuring the length, height, and 

width of batter before steamed and after 

steamed with calipers. Volume development 

is the result of subtraction the volume after 

and before steaming. 

 

2.4.Color Measurement 

Color measurement was done using 

chromameter. First of all, chromameter was 

calibrated. After that, chromameter can be 

used to measure the color of the steamed 

cake. The color was measured as lightness 

(L*), reddish-greenish (a*) and yellowish-

bluish (b*). 

 

2.5.Antioxidant activity determination 

Sample was dried using freeze dryer for 24 

hours. Sample was crushed and weighed as 
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much as 0,5 g. Subsequently the samples 

were extracted with 5 ml of methanol for 2 

hours. Then, 0,1 ml of extract was reacted 

with 3,9 ml DPPH (2,2-diphenyl-1-

picrylhydrazyl) for 30 minutes. The 

absorbance was measured using 

spectrophotometer at 515 nm. As a blank, 0,1 

ml methanol was reacted with 3.9 ml DPPH. 

Antioxidant activity was measured as 

%inhibition and calculated using the formula: 

% inhibition= 1 - 
𝐴𝑡30

𝐴𝑡0
 x100% 

At30: sample absorbance at minute 30 

At0 : blank absorbance at minute 0. 

 

3.RESULT AND DISCUSSION 

3.1.Volume 

 

Figure 1. Volume Development of Batter 

with Various Red Beet Extract 

Concentration. 

The higher concentration of red beet extract 

will cause an increase in cake volume after 

steaming. According Imeson (2010), sugar is 

one ingredient that can fill the space between 

the particles of starch that will affect the 

structure of starch. Additionally, the 

components that exist in betalain phenol red 

beets can interact with amylose and 

amylopectin structures that exist in flour 

mocaf through hydrogen bonds (Zhu, 2010). 

This can prevent collapse during the process 

of steaming steamed cake products in order 

to obtain a more fluffy cake. 

 

3.2.Color 
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Figure 2. (a) Lightness of Steamed Cake with 

Various Red Beet Extract Concentration 

(b). Color of Steamed Cake with Various Red 

Beet Extract Concentration at 0 minute 

Steaming 

(c). Color of Steamed Cake with Various Red 

Beet Extract Concentration at 4 minutes 

Steaming 

(d). Color of Steamed Cake with Various Red 

Beet Extract Concentration at 8 minutes 

Steaming 

(e). Color of Steamed Cake with Various Red 

Beet Extract Concentration at 12 minutes 

Steaming 

(c) 

(d) 

(e) 

(h) 

(f) 
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(f). Color of Steamed Cake with Various Red 

Beet Extract Concentration at 16 minutes 

Steaming 

(g). Color of Steamed Cake with Various Red 

Beet Extract Concentration at 20 minutes 

Steaming 

(h). Color of Steamed Cake with Various Red 

Beet Extract Concentration at 24 minutes 

Steaming 

 

Increased concentrations of red beet extract 

will reduce the value of L* and b*, but will 

increase the value of a*. Decline in the value 

of L* (brightness) due to the darker of red 

color (Cai et al., 2005). Increase of value a* 

and decrease of value b* indicate that the red 

beet extract addition will increase the 

intensity of the red color and lower the 

intensity of the yellow color in steamed 

breads. 

 

During steaming, the value of L* and a* will 

decrease, but will increase the value of b*. It 

caused by the higher temperature of steaming 

will make the betacyanin pigment stability 

decrease (Widhiana, 2000). 

 

 

 

 

 

 

 

 

 

3.3.Antioxidant Activity 

 

 

Figure 3. Antioxidant Activity of Steamed 

Cake with Various Red Beet Extract 

Concentration during Steaming 

 

Increased concentrations of red beet extract 

will increase the antioxidant activity of 

steamed cake. During the steaming process, 

antioxidant activity will decrease because of 

betalain pigments degradation. 

 

4.CONCLUSIONS 

 The use of red beet extract will increase 

the volume of steamed cake. 

 Addition of red beet extract concentration 

will increase the value of a* but lowes the 

value of b* and L* that affect the color of 

steamed cake. 

 During steaming, the value of b* will 

increase but the value of a* and L* will 

decrease. 

 Addition of red beet extract 

concentrations will increase the 

antioxidant activity of steamed cake 

product. During steaming process, 

antioxidant activity will decrease. 
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ABSTRACT 

 

Lactic acid bacteria (LAB) which include Lactobacillus sp. commonly known as probiotics and 

potentially produced bacteriocins. Bacteriocin is a protein substance resulted from secondary 

metabolites of LAB which have very strong bactericidal properties, so it can be used as an 

antimicrobial in food and beverages. The method is testing the probiotics ability of Lactobacillus 

spwith bile salt testing. If Lactobacillus sp isolates have the ability of probiotics,it‘s possibilities 

can produce bacteriocins. Purification of bacteriocins from Lactobacillus sp. isolates. 

Determination of optimum conditions of antimicrobial bacteriocins abilities at different 

temperatures and pH with the addition of proteolytic enzymes and phosphate buffer pH 7 against 

Escherichia coli or Staphylococcus aureus. The optimum condition of antimicrobial bacteriocins 

was determined by formation of clear zones with well diffusion method.Bacteriocins in pH and 

temperature condition which have the largest clear zone will be applied to the orange juice. 

Addition of sodium benzoate is used as a comparator of bacteriocins antimicrobial ability. Orange 

juice without any addition was used as control. Inhibitory activity of Bacteriocins can be 

determined with counting the number of microorganism on days 0, 1, 2, 3, 4, 5, 6 and 7 by 

comparing the log cfu/ml of each treatment and the incubation time. The lowest value log cfu/ml is 

indicated as the most effective treatment as well as an antimicrobial in orange juice. 

 
Keywords: Lactobacillus, probiotic, bacteriocins,natrium benzoate,orange juice 
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1.INTRODUCTION 

Lactic acid bacteria (LAB) have been used 

for centuries in the fermentation of foods, not 

only for flavor and texture, but also due to 

their ability to prevent the growth of 

pathogenic microorganisms (Nagalakshmiet 

al., 2013).  

 

Based on the previous research conducted by 

Singgih (2014), LAB can be obtained from 

fermented ―sawipahit‖ (Brassica juncea(L.) 

Czernjaew) that soaked in coconut water with 

salt concentration 5% and incubated at the 

temperature of 15% in a closed container for 

seven days. On the fermentation, 11 isolates 

are identified as LAB belonging to the genus 

Lactobacillus.  

 

Lactobacillus isolates as one of LAB can 

produce secondary metabolite that names 

bakteriocin. Bacteriocins are ribosomally 

synthesized, extracellularly released 

bioactive peptide or peptide complexes 

which have a bactericidal or bacteriostatic 

effect on other species (Jeevaratnamet al., 

2005).But, to be classified as LAB that 

producing bacteriocin, the isolates should 

have the ability of probiotic (Noordianaet al., 

2013). In this case, bacteriocin can be obtain 

from genus Lactobacillus isolated from 

fermented ―sawipahit‖ (Singgih,2014). The 

antimicrobial activity of bacteriocin will be 

tested with various pH and temperature on 

production media against Escherichia coli 

and Staphylococcus aureus (Nagalakshmiet 

al., 2013). 

 

Sweet orange (Citrus sinensisOsbeck) is one 

of the food products of the fruit juice that has 

many functional value but included to the 

perishable food. The damage often occurs in 

sweet orange are ropiness and off-flavors. 

Lactobacillus monocytogenes, Bacillus 

cereus, danSthaphylococcusaureus are 

pathogenic microorganism that are often 

cause of damage to the sweet orange. On the 

other hand, bacteria forming spores are 

involved in the process of damage orange 

juice during storage is 

Alicyclobacillusacidoterrestris. 

 

In the orange juice, Alicyclobacillus 

acidoterrestris spores are resistant to a 

temperature of 80°C for 10 minutes, 90°C for 

2 minutes, and 95°C for 1 minutes 

(Settanni&Corsetti, 2008). Thus, this 

research was conducted with the aim to 

knowing the capabilities of bacteriocin when 

applied as a preservative in orange juice. 

 

2.MATERIAL AND METHOD 

2.1.Probiotics ability of Lactic Acid 

Bacteria 

One milliliter of Lactobacillus was 

inoculated into 9 ml MRS broth then 

incubated at 30°C for 18 hours. One milliliter 

of culture was added into 9 ml MRS broth 

containing 0,3% (b/v) bile salt, while as a 

control the culture into MRS broth without 
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any added bile salt. The growth of the 

bacteria was indicated by the presence of 

sediment at the bottom of the tube and with 

the levels of turbidity which measured by OD 

650 nm (Charteriset al., 1998). 

 

2.2.Purification and Inhibitor ability of 

Bacteriocin 

The culture was added with ammonium 

sulphateas much as 70% of total culture, 

precipitate for 24 hours at 4
o
C. The mixture 

was then centrifuged at 20.000 gram for 30 

minutes at  4
o
C. Precipitate were put into 

Native-PAGE, inhibitor avtivity of 

bacteriocin then measured by well diffusion 

method. Ten microliter Escherichia coli and 

Staphylococcus aureuswere grown in 10 ml 

NA media. Small fraction of bacteriocins gel 

was implemented into hole well then keep for 

3 hours at 4
o
C, after which the fraction of 

bacteriocin was incubated at 37
o
C for 24 

hours. The clear zone was measured by 

calipers (Khunajakret al., 2008). While the 

remaining pieces of gel fractions was 

dialyzed by electroelusion process. The result 

of dialysis was covered with chelophanethen 

running with SDS PAGE for denaturate 

protein, so the characteristic of purified 

bacteriocin was discovered (Gautam& 

Sharma, 2009). 

 

2.3.pH sensitivityof Bacteriocin 

Briefly, 0,5 ml crude bacteriocins were 

supplemented with 4,5 ml Nutrient broth in 

each tubes. Variation pH of crude bacteriocin 

in each tubes was adjusted from 3,0 – 9,0 

controlled by adding HCl 1 M or NaOH 0,5 

M. After which, the mixture was added with 

0,15 ml commercial proteolitic enzymes and 

0,15 ml phosphate buffer pH 7 then mixture 

with vortex. As much as 10 µl for each 

culture Staphylococcus aureusand 

Escherichia coli were put into the tube 

containing 10 ml NA media, then it were 

poured into petri dish. After which, made the 

hole with diameter of 5 mm on media 

containing bacteria and filled it with purified 

bacteriocin as much as 50 µl. Keep the 

culture at 4
o
C for 3 hours until whole 

bacteriahave beendiffusedin themedia, then 

incubated at 37
o
C for 24 and 48 hours. The 

clear zone was measured using calipers 

(Gautam& Sharma, 2009). 

 

2.4.Heat stability of Bacteriocin 

As much as 0,5 ml crude bacteriocins were 

supplemented into tube containing 4,5 ml 

Nutrient broth pH 7. Each tubes were 

covered with paraffin to prevent the 

vaporization, the samples then heated at 

50
o
C, 60

o
C, dan 70

o
C for 10 and 20 minutes. 

The samples were then added with 0,15 ml 

commercial proteolitic enzymes and 0,15 

phosphate buffer pH 7, then mixtured with 

vortex. Testingthe ability ofbacteriocins 

using well difussion method, as much as 50 

µl bacteriocin inserted into the holes 

diameter of 5 mm. The holes were made 

from 10 ml medium NA and 10 µl 

Staphylococcus aureus or 10 µl Escherichia 



 
 

3
rd

 International Student Conference  124 
―Greening The Food Industry : Innovation for Sustainibility‖ 

 Department of Food Technology, Soegijapranata Catholic University Semarang 

Tuesday, September 2
nd

 2014 

 

124 

 

coli. After which keep them at 4
o
C for 3 

hours until whole bacteria have been diffused 

in the media.After bacteriocin inserted into 

petri dish, then incubated at suhu 37
o
C for 24 

and 48 hours. The clear zone was measured 

using calipers (Gautam& Sharma, 2009). 

 

2.5.Application of Bacteriocin as 

Biopreservative in Orange Juice  

Bottles were sterilized at 72
o
C for 2 minutes 

then were used as a container for 500 ml 

orangejuice, keep the bottle at room 

temperature. After which the pathogen 

culture (Staphylococcus aureus dan 

Escherichia coli) were added as much as 8,14 

log cfu/ml. Purified bacteriocin as much as 

2000 ppm was added into bottle A. While 

natrium benzoate was added as much as 600 

ppm into bottle B, and as a control using 500 

ml sterile orange juice without any adding in 

bottle C. Each treatment were incubated at 

37°C, after that the amount of total bacteria 

was counted by Plate Count Agar at day 0, 1, 

2, 3, 4, 5, 6,and7. Measurement of 

antimicrobial activity of each treatment 

performed by comparing log cfu/ml of each 

treatment and incubation time. Log cfu/ml 

with the lowest value indicates the most 

effective treatment as an antimicrobial in 

orange juice (Pratushetal., 2012). 

 

3.RESULT AND DISSCUSSION 

3.1.Probiotics ability of Lactobacillus sp. 

In this research, some strains of 

Lactobacillus have the probiotics ability 

which resistant to human gastrointestinal 

tract such as the stomach acid (pH ± 2), salt 

concentration (less than 0.5%), bile salts, and 

digestive enzyme (pepsin , trypsin, and 

chymotrypsin). One of the Lactobacillus 

strains that have the ability of probiotics such 

as Lactobacillus casei212,3 and 

Lactobacillus fermentum KLD, has been 

made commercially (Charteriset al., 1998). 

 

3.2.Purification of Bacteriocins 

Based on the research of Gautam& Sharma 

(2009), Lactobacillus brevis produce 

bacteriocins with 93,4kD molecular mass, so 

it can be classify into class IV of 

bacteriocins. Class IV ofbacteriocinsconsist 

of complexes protein that are resistant to heat 

which a half of them are essential protein. 

Protein subunits of class IV of bacteriocins 

are not denatured whenNATIVE-PAGE was 

running. 

 

3.3.The Ability of Bacteriocinin Various 

pH and Temperature 

Heat treatment of bacteriocin in inhibiting the 

ability of the pathogenic microorganism 

(Escherichia coli and Staphylococcus aureus) 

is given at the temperature of 70°C, 80°C, 

90°C, 100°C, and 121°C for 20 minutes. 

Should be suspected, crude bacteriocin 

supernatant produced by Lactobacillus was 

considered to be heat stable, as the inhibition 

activity remained constant after heating at 

80°C for 20 min, but decreased in activity 

was observed when heating at 90°C from 10 
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to 20 minutes. Heating at 100°C for 20 

minutes, the activity decreased down 

thereafter and when crude bacteriocin 

supernatant was autoclaved at 121°C for 20 

minutes, its activity remained slightly. 

Escherichia coliwas least sensitive to 

bacteriocin produced by LAB as compared to 

Staphylococcus aureus. Nagalakshmiet al., 

(2013) described this phenomenon due to the 

protein degradation, protein aggregation and 

complex formation. The hypothesis of this 

study was to demonstrate that the optimum 

temperature for cell growth should be the 

optimum for bacteriocin production as well. 

 

According to the research has been done by 

Chanprasert&Gasaluck (2011), the inhibition 

zone directed variation with bacteriocin 

activity. The high bacteriocin activity of 

initial pH 6.5 was detected at 24 and 36 h. On 

the other hand, bacteriocin activity of initial 

pH 7.0 and 7.5 was decreased at the same 

time. When the bacteriocin activity reached 

the maximum value afterward it was 

decreased with prolonged incubation period. 

The initial pH 6.5 for 36 h resulted in the 

maximum bacteriocin activity.  

 

3.4.Application of Bacteriocin as the 

preservatives to Orange Juice 

On tests carried out by Pratush, (2012), 

comparative study has been done to 

biopreservative (purified bacteriocin and 

sodium benzoate) for orange juice inoculated 

with Staphylococcus aureusand Escherichia 

coli. Initial log 8.14 CFU/ml of pathogen 

bacteria filled into orange juice with purified 

bacteriocin (bottle A), sodium benzoate 

(bottle B) and for control having no 

preservative (bottle C). It was found that 

among both the preservatives used to 

enhance the shelf life of orange juice, 

purified bacteriocin proved to be better 

preservative than chemical preservative 

(sodium benzoate). 

 

4.CONCLUSION 

Bacteriocin supernatant of Lactobacillus was 

heat stable, as the inhibition activity 

remained constant after heating at 80° for 20 

minutes.At pH 6.5 for 36 hours resulted in 

the maximum bacteriocin activity. 

Escherichia coliwas least sensitive to 

bacteriocin produced by LAB as compared to 

Staphylococcus aureus.Purified bacteriocin 

proved to be better preservative than 

chemical preservative (sodium benzoate). 
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ABSTRACT 

 

Lactic acid bacteria have ability to form an antimicrobial component to improve the quality and 

safety of food by inhibit pathogenic microorganisms. Some lactic acid bacteria can be classified 

into probiotic bacteria. Where probiotic bacteria have ability to produce antimicrobial compounds 

(short-chain fatty acids, hydrogen peroxide, nitric oxide, and bacteriocins) were able to increase its 

ability to against other microbes and inhibit pathogenic bacteria. Bacteriocins are secondary 

metabolites of lactic acid bacteria which can be used as biopreservative in various food products. 

Bacteriocins from fermented Gedono‘s kefir can be obtained from the Lactobacillus.The aim of this 

study is determine the potential of lactic acid bacteria that isolated from Gedono‘s kefir to produce 

bacteriocins as natural preservatives. The methods of this research include gram stain, catalase test, 

motility test, probiotic test using  bile salt, and then the growth optimization of lactic acid bacteria 

in various pH levels (4.4 and 9.6), temperature (10
0
C, 45

0
C, and 50

0
C), and the levels of NaCl 

(6.5% and 18%), determine the Lactobacillus species using the API kit. Bacteriocins are purified 

by using SDS-PAGE and Native Page. Characterization of bacteriocins using pH (3-9) and 

temperature (50 °C, 60 °C, and 70 °C) treatments. The last step is determine the inhibitory ability 

against Staphylococcus aureus and E. coli using well assay method. 

 

Keywords : lactid acid bacteria, bacteriosin, biopreservative. 
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1.INTRODUCTION 

Lactic acid bacteria have been used for 

centuries in the fermentation of foods, not 

only for flavour and texture, but also due to 

their ability to prevent the growth of 

pathogenic microorganisms. They are also 

responsible for the fermentative processing 

and preservation of many food products 

(Nagalakshmi et al., 2013). Kefir is a 

fermented milk product that carbonated and 

has low alcohol content (0.9 g/100 g) (Otles 

& Cagindi, 2003). Microbial activity in kefir 

fermentation is a symbiotic metabolic activity 

of a number of bacteria and yeast species, 

which degrade milk constituents to lactic 

acid, acetic acid, ethanol, carbon dioxide and 

other flavor compound such as acetaldehyde 

resulting in a distinctive flavor of the kefir 

beverage (Farnworth & Mainville, 2008). 

 

Based on the previous research conducted by 

Sanjaya (2014), lactic acid bacteria can be 

obtained from fermented Gedono‘s kefir. On 

the fermentation, there were 17 isolates of 

lactic acid bacteria successfully isolated from 

Gedono‘s kefir. A total of 17 isolates of lactic 

acid bacteria were primarily identified and 

classified into genus as Lactobacillus. 

 

Some bacteriocins of lactic acid bacteria used 

as biopreservatif in various food products 

include bacteriocins produced by 

Lactobacillus sp. LAB that producing 

bacteriocin, the isolates should have the 

ability of probiotic (Noordiana et al., 2013). 

Some probiotic bacteria have a production 

capability of various antimicrobial 

compounds (short-chain fatty acids, hydrogen 

peroxide, nitric oxide, and bacteriocins) 

(Atassi & Servin, 2010). The antimicrobial 

activity of bacteriocin will be tested with 

various pH and temperature on production 

media against Escherichia coli and 

Staphylococcus aureus (Nagalakshmi et al., 

2013). 

 

Consumers have been consistently concerned 

about possible adverse health effects from the 

presence of chemical additives in their foods. 

As a result, consumers are drawn to natural 

and ―fresher‖ foods with no chemical 

preservatives added. This perception, coupled 

with the increasing demand for minimally 

processed foods with long shelflife and 

convenience, has stimulated 

research interest in finding natural but 

effective preservatives. Bacteriocins, 

produced by LAB, may be considered natural 

preservatives or biopreservatives that fulfill 

these requirements. Biopreservation refers to 

the use of antagonistic microorganisms or 

their metabolic products to inhibit or destroy 

undesired microorganisms in foods to 

enhance food safety and extend shelflife 

(Schillinger et al, 1996). 

 

2.MATERIAL AND METHOD 

2.1.Probiotics ability of Lactic Acid 

Bacteria  
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As much as, 1ml of Lactobacillus was 

inoculated into 9 ml MRS broth after that 

incubated at 30°C for 18 hours. 1ml of 

culture was added into 9 ml MRS broth 

containing 0,3% (b/v) bile salt, while as a 

control the culture into MRS broth without 

any added bile salt. The growth of the 

bacteria was indicated by the presence of 

sediment at the bottom of the tube and with 

the levels of turbidity which measured by OD 

650 nm (Charteriset al., 1998). 

 

2.2.Purification and Inhibitor ability of 

Bacteriocin 

First the culture was added with ammonium 

sulphate as much as 70% of total culture, 

precipitate for 24 hours at 4
o
C. Then 

centrifuged at 20.000 gram for 30 minutes at 

4
o
C. Precipitate were put into Native-PAGE, 

and inhibitor activity of bacteriocin measured 

by well diffusion method. 10 µl 

Staphylococcus aureus and Escherichia coli 

were grown in 10 ml Nutrient agar media.  

 

Small fraction of bacteriocins gel was 

implemented into hole well after that keep for 

3 hours at 4
o
C, after which the fraction of 

bacteriocin was incubated at 37
o
C for 24 

hours. The clear zone was measured by 

calipers (Khunajakret al., 2008). While the 

remaining pieces of gel fractions was 

dialyzed by electroelusion process. The result 

of dialysis was covered with chelophane then 

running with SDS PAGE for denaturate 

protein, so the characteristic of purified 

bacteriocin was discovered (Gautam & 

Sharma, 2009). 

 

2.3.Heat stability of Bacteriocin 

0,5 milliliter crude bacteriocins were 

supplemented into tube containing 4,5 

milliliter Nutrient broth  pH 7. Each  tubes 

were covered with paraffin to prevent the 

vaporization, the samples then  heated at 

50
o
C, 60

o
C, dan 70

o
C for 10 and 20 minutes. 

After that samples were added with 0,15 

milliliter commercial proteolitic enzymes and 

0,15 phosphate buffer pH 7, then mixtured 

with vortex. For testing the ability of 

bacteriocins using well difussion method. 50 

µl bacteriocin inserted into the  holes 

diameter of 5 millimeter. The holes were 

made from 10 milliliter medium  NA and 10 

µl Staphylococcus aureus or 10 µl 

Escherichia coli. Then keep them at 4
o
C for 3 

hours until whole bacteria have been diffused 

in the media. After bacteriocin inserted into 

petri dish, then incubated at suhu 37
o
C for 24 

and 48 h. The clear zone was measured using 

calipers (Gautam & Sharma, 2009). 

 

2.4.pH sensitivity of Bacteriocin 

As much as 0,5 millilter purified bacteriocins 

were supplemented with 4,5 milliliter 

Nutrient broth in each tubes. Variation pH of 

crude bacteriocin in each tubes was adjusted 

from 3,0 – 9,0 controlled by adding NaOH 

0,5 M or HCl 1 M. Then mixture was added 

with 0,15 milliliter commercial proteolitic 
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enzymes and 0,15 milliliter phosphate buffer 

pH 7 then mixture with vortex.  

 

10 µl for each culture S. aureus and E. coli 

were put into the tube containing 10 ml NA 

media then poured into petri dish. After that, 

made the hole with diameter of 5 mm on 

media containing bacteria and filled it with 

purified bacteriocin as much as 50 µl keep at 

4
o
C for 3 h until whole bacteria have been 

diffused in the media. After that incubated at 

37
o
C for 24 and 48 hours. For the clear zone 

was measured using calipers (Gautam & 

Sharma, 2009). 

 

2.5.Application of Bacteriocin as 

Biopreservative on food 

First prepared the material, if the sample is 

solid, 500 gram sample is taken and if the 

liquid is taken as 500 ml. Then the sample is 

introduced into bottles that have been 

sterilized. Then pasteurization at 72 ° C for 2 

minutes. After that the pathogen culture 

(Staphylococcus aureus dan Escherichia coli) 

were added as much as 8,14 log cfu/ml. 

Purified bacteriocin as much as 2000 ppm 

was added into bottle X compared with 500 

ml/gram sterile food that used as a control 

(bottle Y). Each  treatment  were  incubated  

at 37°C.  The amount of total bacteria was 

counted by Plate Count Agar at day 0, 1, 2, 3, 

4, 5, 6,and 7. Log cfu/ml with the lowest 

value indicates the most effective treatment 

as an antimicrobial on food (Pratush et.al., 

2012). 

 

3.RESULT AND DISSCUSSION 

Based on the research of Dunne et al (2001), 

probiotics including Lactobacillus, 

Bifidobacterium and Streptococcus spp. are 

known to be inhibitory to the growth of a 

wide range of intestinal pathogens in human. 

Lactic acid bacteria are classified into 

probiotics should have antimicrobial activity 

against some specific microorganisms, 

tolerant of acid stomach, and harmless 

(Noordiana et al, 2013). The low pH is 

known to provide an effective barrier against 

the entry of bacteria into the intestinal tract. 

The pH of the stomach generally ranges from 

pH 2.5 to pH 3.5 (Holzapfel et al., 1998). A 

concentration of 0.15-0.3 % of bile salt has 

been recommended as a suitable 

concentration for selecting probiotic bacteria 

for human use (Goldin BR and Gorbach 

1992). 

 

Some bacteriocins of lactic acid bacteria used 

as biopreservatif in various food products 

include bacteriocins produced by 

Lactobacillus sp. In general, the optimum 

conditions of bacteriocin production is 

influenced by the growth phase, the pH of the 

media, incubation temperature, type of 

carbon source, type of nitrogen source, and 

concentration of NaCl (Kim and Ahn, 2000). 

The bacteriocins produced inhibited food 

spoilage and pathogenic bacteria such as 

Staphylococcus aureus, Escherichia coli, 

Bacillus cereus, B. subtilis, Listeria 
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monocytogenes and Clostridium perfringens 

(Bizani et al, 2002). 

 

Based on the research of  Chanprasert & 

Gasaluck (2011), the inhibition zone directed 

variation with bacteriocin activity. The high 

bacteriocin activity of initial pH 6.5 was 

detected at 24 and 36 h. On the other hand, 

bacteriocin activity of initial pH 7.0 and 7.5 

was decreased at the same time. When the 

bacteriocin activity reached the maximum 

value afterward it was decreased with 

prolonged incubation period. The initial pH 

6.5 for 36 h resulted in the maximum 

bacteriocin activity.  

 

Heat treatment of bacteriocin in inhibiting the 

ability of the pathogenic microorganism  is 

given at the temperature of 70°C, 80°C, 

90°C, 100°C, and 121°C for 20 minutes. 

Should be suspected, crude bacteriocin 

supernatant produced by Lactobacillus was 

considered to be heat stable, as the inhibition 

activity remained constant after heating at 

80°C for 20 min, but decreased in activity 

was observed when heating at 90°C from 10 

to 20 minutes. Heating at 100°C for 20 

minutes, the activity decreased down 

thereafter and when crude bacteriocin 

supernatant was autoclaved at 121°C for 20 

minutes, its activity remained slightly. 

Nagalakshmi et al., (2013) described this 

phenomenon due to the protein degradation, 

protein aggregation and complex formation. 

The hypothesis of this study was to 

demonstrate that the optimum temperature 

for cell growth should be the optimum for 

bacteriocin production as well. Escherichia 

coli was least sensitive to bacteriocin 

produced by LAB as compared to 

Staphylococcus aureus.  

 

3.1.Application of Bacteriocin as the 

preservatives in Food 

Now, consumers have been consistently 

concerned about health effects from the 

presence of chemical additive in their foods. 

Bacteriosins is one of alternative natural 

preservative that produced by LAB. 

Biopreservative is use of antagonistic 

microorganisms or metabolic products to 

inhibit undesired microorganism to enhance 

food safety and extend shelflife (Schillinger 

et. al., 1996). In this research we use addition 

of purified or semi purified bacteriocins as 

food preservative. Pratush et al, (2012) said 

that was found among the chemical 

preservatives used to enhance the shelf life of 

food, but purified bacteriocin proved to be 

better preservative than chemical 

preservative.  

 

4.CONCLUSION 

The bacteriocins produced inhibited food 

spoilage and pathogenic bacteria such as 

Staphylococcus aureus, Escherichia coli, 

Bacillus cereus, B. subtilis, Listeria 

monocytogenes and Clostridium perfringens. 

The high bacteriocin activity of initial pH 6.5 

was detected at 24 and 36 h. On the other 
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hand, bacteriocin activity of initial pH 7.0 

and 7.5 was decreased at the same time. 
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