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and it is typically cultivated thrice a year. Intended use of Shallot is because of its flavor
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Introduction Campylobacter is considered as a principal cause of gastroenteritis in humans
responsible for approximately 166 million diarrheal cases and 37,600 deaths per year globally.1 In
addition to gastrointestinal infections, campylobacteriosis is the best predisposing factor of
Guillain-Barré syndrome, a serious demyelinating neuropathy, which roughly occurs in 3/10 000
cases of Campylobacter infections.2 Thermotolerant Campylobacter […]

Read more...

Quality Changes of Chilled Green Mussel (Perna
Viridis) Pre-Treated with Organic Acids and Sodium
Tripolyphosphate

Introduction Green mussel (Perna viridis) is a commercially significant commodity in the
Philippines.1 Its latest production had amounted to 18,800 metric tons and considered as top-six
among commercially aquaculture species in our country. The major mussel producing provinces
include Cavite, Capiz, Samar, Bataan, and Negros Occidental.2 The species is favored as part of
the human […]

Read more...

Preservation of the Polyphenolic Content and
Antioxidant Properties of Rubus Glaucus Benth

Introduction The Andes berry (Rubus glaucus Benth) is from America high tropical zone; it was
growth in Colombia, Ecuador, Panamá, Guatemala, Honduras, México and Salvador. This fruit
plays an important role in the human diet due to its high content of antioxidants, nutrients, and
proteins, all of which are key to a balanced diet.1 It […]

Read more...

Toxic Effects of Food Colorants Erythrosine and
Tartrazine on Zebrafish Embryo Development
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Introduction Food colorants are natural or synthetic substances used to artificially color and
enhance the appearance of food products. Natural food dyes though are safe to use but, do not
provide a bright Thus, artificial food colorants (AFCs) such as erythrosine which provide bright
color are popular in food industry.1 Most of the AFCs are […]

Read more...

Study of Factors Affecting Exclusive Breastfeeding
and Early Introduction of Complementary Food to
Infants in the Aqaba Region of Jordan

Introduction Good nutrition in early life is essential to lifelong health; therefore, receiving
exclusive breastfeeding (EBF) is very important to protect against diseases and prevent morbidity
and mortality of infants and young children, including malnutrition and obesity.1 For this reason,
countries should have solutions to reach the target of 50% EBF through the first 6 […]

Read more...

Mep3s – The Nutri Cookie for Children with Renal
Diseases

Introduction Adequate nutrition is important for growth and development in children. In general,
children are fussy eaters. They prefer and consume more of convenient foods which are mostly
processed and ready to eat. The products prepared commercially are tasty but lack almost all
important nutrients, thus meeting their daily nutritional requirements becomes difficult. The
scenario […]

Read more...

Development and Nutritional Evaluation of Multigrain
Gluten Free Cookies and Pasta Products
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Introduction Celiac disease is considered as chronic gut disorder that can happen in genetically
predisposed people where the consumption of gluten in diet can damage the lining of the small
intestine. It is encouraged by a protein known as “gluten” existing in cereals such as wheat,
barley, rye etc. It disturbs approximately one per cent […]

Read more...

The Effect of Tempeh Gembus Substitution on
Protein Content, Calcium, Protein Digestibility and
Organoleptic Quality of Meatballs

Introduction Osteoporosis is a bone metabolic disease characterized by a decrease in bone mass
due to reduced bone matrix and minerals accompanied by microarchitecture damage from bone
tissue, with a consequent decrease in bone strength, resulting in a tendency for bones to break
easily.1 Osteoporosis is a disease that is classified as a silent disease […]

Read more...

Identification of Single Nucleotide Polymorphisms in
Selenium-Glutathione Peroxidase (GPX1) Gene

Introduction GPX1 was the first GPX to be discovered1 and is also known as classical GPX,
cytosolic GPX or GPX1. It has a wide distribution in animal cells and is present in the
cystosol.1,2,3 It is reported that high levels of GPX  present in different tissues such as RBC,
placenta, lung, liver and kidney which […]
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Whey/Broken Chickpea Extract for Manufacture of
Probiotic Frozen Yoghurt
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Introduction The trend towards the use of dairy by-products such as whey, skim milk, butter milk
and permeate and some residues of agricultural crops such as broken chickpea seeds, wheat
germ, wheat bran, rice bran and etc, as non-dairy by-products in the manufacture of functional
dairy foods is increasing worldwide. Whey is one of the […]

Read more...

Waste Pomelo (Citrus Maxima) Peels – A Natural
Source of Antioxidant and Its Utilization in Peanut Oil
for Suppressing the Development of Rancidity

Introduction The oxidative rancidity of fats and oils in food is one of the serious problems of the
modern society. Oxidative rancidity is responsible for off-flavor and odor, decreasing storage life,
altering texture, nutritional quality also decreased due to the formation of secondary compounds
which are potentially toxic.1 The need of addition of antioxidants is […]

Read more...

Soft Drink Consumption and its Influence on BMI and
Academic Performance among Selected School
Children in Dhaka City of Bangladesh

Introduction Soft drink consumption is increasing among the children and has become a
controversial public health concern. Soft drink is a nonalcoholic drink, especially one that is
carbonated1 consisting of a unique chemical blend of sugar or artificial sweetening agents,
caffeine, colour, flavour and preservatives in water, injected with carbon-dioxide gas. All of
these ingredients […]

Read more...

Technological Quality of New Croatian Barley
Varieties Intended for Whisky Malt Production
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Introduction Barley is one of the earliest cultivated cereals and besides the use as human and
animal feed it was utilised as a source of fermentable extract for the production of beer and
spirits. There are over 300.000 barley varieties that are generally categorized as two-row and
six-row.1 Today’s barley selection has been significantly advanced […]

Read more...

Ethanol Extracts of Ficus carica Fruit and Leaf
Normalize High Serum Lipid Profile, TNF-α, and MDA
due to High Fat Diet in Sprague Dawley Rat

Introduction A diet called Western pattern diet (WPD) is characterized by a high intake of red
meat, processed meat, pre-packed foods, butter, fried foods, potatoes, high-fructose corn syrup,
and high-fat dairy products.1 This dietary pattern is widespread in some Asian countries
including Indonesia and it can result in dyslipidemia.2 Dyslipidemia is characterized by abnormal
levels […]

Read more...

Physico-Chemical, Textural and Sensory
Characteristics of Wheat Flour Biscuits
Supplemented with Different Levels of Whey Protein
Concentrate

Introduction Bakery products have become very popular worldwide because of their unique taste
and easy availability at a reasonable cost. Biscuits are one of the most popular bakery products
due to their ready to eat nature, easy handling for convenience, and possess long shelf life.1 In
addition to that; most of the bakery products can […]
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Effect of Intrinsic and Extrinsic Factors on the
Storage Stability of Sardine Oil

Introduction      The major sources of dietary lipids are edible oils, which include both vegetable
and fish oils. Edible oils supply calories, essential fats and helps in absorbing fat-soluble
vitamins. Type of lipid consumed plays a major role in the health of an individual. Oil sardines
are one of the richest and cheapest sources of n-3 […]

Read more...

Congruence with Health by Divergence in Uses of
Water: An Ayurvedic Notion

Introduction Water has been deemed as the pedestal of life since ages and considered as a single
most imperative nutrient of our body. It has a preeminent role in subsistence and decadence of
any living being. It is improbable to live more than 8-21 days without food and water,1 although
in starvation, the stored fuels […]

Read more...

Is Soft Drink Consumption Linked to Higher Body
Mass Index and Energy Intake Among Adults in
Mauritius?

Introduction The addition of sugar is not nutritionally necessary in an individual’s diet as most of
our food consist of natural sugars that provide us with sufficient energy. Nevertheless, for the
last few decades, there has been an increase in the consumption of sugary products. Soft drinks
(SD) have become an ultimate liquid to quench […]

Read more...
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Modified Atmospheric Packaging (MAP) of
Trichosanthes Dioica (Parwal) Sweet and Effect of
Storage Temperature on the Physicochemical,
Microbial and Sensory Characteristics

Introduction From time immemorial ethnic food such as traditional sweets has played a
significant role in our society and religion. Parwal or pointed gourd (Trichosanthes dioica) sweet
is a type of indigenous dairy product prepared by filling of khoa in previously boiled parwal in
sugar syrup.1-3 Parwal is a member of cucurbitaceae family and perennial, […]

Read more...

The Spectrum of Disordered Eating Attitudes Among
Female University Students: A Cross-Sectional Study

Introduction Eating disorders (ED) rank high among the most prevalent psychiatric problems,
adolescent girls are experiencing today, where they develop incorrect attitudes to their body
weight and shape, as well as entertain distorted perceptions of body shape.1-3 The core
characteristics of EDs include feeding and eating disturbances and a distorted understanding of
body image, causing […]

Read more...

Biochemical Composition and Sensory Evaluation of
Desert Date Flowers (Balanites aegyptiaca Del)
Infusion

Introduction Balanites aegyptiaca Del can reach a height of 6 to 9 m, it is ramous and thorny
tree, also known as desert date in English.1 It belongs to the family of Zygophyllaceae. The tree
is one of the most common but neglected wild plant species of the dry land areas. The tree
grown in […]

Read more...
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Proportion and Associated Factors of Vitamin B12
Deficiency – A Retrospective Laboratory-Based
Study

Introduction Vitamin B12 (B12) is a water-soluble vitamin that belongs to the set of “corrinoids”
which contains a corrin macrocycle in the structure.1,2 B12 acts as a cofactor in one-carbon
metabolism through methylation and molecular rearrangement.3 It is a vital micronutrient
essential for the optimum hemopoetic, neurologic and cardio-metabolic function.4, 5 Deficiency
of B12 and […]

Read more...

Quantitative Risk Assessment of Acrylamide in
Indonesian Deep Fried Fritters as Street Food
Products

Introduction Toxicological studies have shown that acrylamide is neurotoxicant, reproductive
toxicant, genotoxic and carcinogen in animals.1 In fact, it has been categorized as “probable
carcinogen to human” (category 2A) by International Agency for Research on Cancer (IARC) in
1994. Although the toxicity of acrylamide has been acknowledged long ago, it was not until the
finding […]

Read more...

Storage Stability of Spray Dried Nigella Sativa
(Ranunculaceae Family) Instant Beverage Powder:
Effect of Carrier Agents on the Physicochemical,
Phenolic Compounds and Antioxidant Properties

Introduction Spices serve many functions and one of the major functions of spices is its use in the
food industry to infuse flavour and increased the aroma, texture and colour of food. Spices
possess antimicrobial, antioxidant and protective functions for human health.1 They contain
various compounds such as protein, fibre, vitamins, minerals and volatile compounds. […]
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Read more...

Copper Deficiency Anemia in Older Patients with
Swallowing Disorders: A Case Report

Introduction It is not uncommon for swallowing function to deteriorate due to causes such as old
age, dementia, and cerebrovascular disease sequelae.1,2 Changing the consistency of food
making them safer to swallow, such as introducing easy-to-swallow food, termed dysphagia diet,
are recommended for such patients, in order to prevent aspiration.3,4 Dysphagia diet is a
general […]

Read more...

Application of Edible and Biodegradable Starch-
Based Films in Food Packaging: A Systematic
Review and Meta-Analysis

Introduction Today adequate and adequate food supplies have become one of the most important
concerns of the authorities and community elites, in order to overcome many efforts in various
areas, such as increasing production, increasing the amount of time consuming, improving
Storage and storage practices, and developing methods for protecting them against destructive
factors such […]

Read more...

Determinants of Household Food Insecurity and Its
Association with Child Malnutrition in Sub-Saharan
Africa: A Review of the Literature
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Introduction Household food insecurity is increasingly known to be a global health problem,
especially in Sub-Saharan Africa.1 The Sustainable Development Goals (SDGs) have emphasised
the urgent need to tackle food insecurity in achieving human rights by the year 2030.2 The first
goal is to end ‘poverty in all its forms everywhere’, and the second is […]

Read more...

Food for Thought: The Digital Disruption and the
Future of Food Production

The world population will increase to more than 9 billion people by 2050.1-2 In this context,
changes might occurred at several points of the food supply and value chains, where the
sustainable production of raw materials and commodities, waste reduction, adaptation to
climate change, and food security are top of the list.1 The use of […]

Read more...
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The effect of tempeh gembus substitution on protein content, calcium, protein
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Abstract
Osteopenia is a sign of osteoporosis that usually occurs in adolescent aged 18-24 years. One of the efforts to manage
osteopenia is by giving a high calcium diet. Meatballs substituted by tempeh gembus can be used as an alternative to
local food-based snacks as source of calcium. To analyze the effect of the substitution of tempeh gembus on the
protein content, calcium, digestibility of the protein, and the acceptability of meatballs. The study was conducted in
two stages, there are preliminary study and main study, and using randomized single factor experimental, tempeh
gembus levels (25%, 50%, 75%, 100%) and control (0% tempeh gembus). The analysis of the content of protein was
conducted using Kjeldahl method, calcium contents using Uv-Vis spectrophotometer, and protein digestibility using
in-vitro method. Data was analyzed with mann-whitney. Organoleptic tests were carried out by hedonic testing of 30
semi-trained panelists. Substitution of tempeh gembus had significant effect on the protein contents and protein
digestibility, but not significant effect on the calcium contents. Formulation with 25% tempeh gembus substitution
was found to be a best formulation of meatballs containing protein content of 8.03%, calcium contents of 351.19
mg/100 g, and protein digestibility of 53.22%. Meatball with 25% tempeh gembus with 78 mg per serving is sufficient
for nutrition label reference in general category, 13% energy; protein by 11%; calcium by 25%. © 2019 The Author(s).
Published by Enviro Research Publishers.
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Abstract:

Osteopenia is a sign of osteoporosis that usually occurs in adolescent aged 18-24 years. One of the
efforts to manage osteopenia is by giving a high calcium diet. Meatballs substituted by tempeh
gembus can be used as an alternative to local food-based snacks as source of calcium. To analyze
the effect of the substitution of tempeh gembus on the protein content, calcium, digestibility of
the protein, and the acceptability of meatballs. The study was conducted in two stages, there are
preliminary study and main study, and using randomized single factor experimental, tempeh
gembus levels (25%, 50%, 75%, 100%) and control (0% tempeh gembus). The analysis of the content
of protein was conducted using Kjeldahl method, calcium contents using Uv-Vis
spectrophotometer, and protein digestibility using in-vitro method. Data was analyzed with mann-
whitney. Organoleptic tests were carried out by hedonic testing of 30 semi-trained panelists.
Substitution of tempeh gembus had significant effect on the protein contents and protein
digestibility, but not significant effect on the calcium contents. Formulation with 25% tempeh
gembus substitution was found to be a best formulation of meatballs containing protein content of
8.03%, calcium contents of 351.19 mg / 100 g, and protein digestibility of 53.22%. Meatball with
25% tempeh gembus with 78 mg per serving is sufficient for nutrition label reference in general
category, 13% energy; protein by 11%; calcium by 25%.
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Introduction

Osteoporosis is a bone metabolic disease characterized by a decrease in bone mass due to
reduced bone matrix and minerals accompanied by microarchitecture damage from bone tissue,

with a consequent decrease in bone strength, resulting in a tendency for bones to break easily.
Osteoporosis is a disease that is classified as a silent disease because it does not show specific

symptoms.  Osteopenia is a sign of osteoporosis that begins with low bone density, if it lasts for

a long time it can lead to decreased bone strength resulting in osteoporosis.

A lifestyle that occurs in adolescent aged 18-24 years such as smoking, consumption of different
types of baverages, not exercising, not drinking milk, sedentary lifestyle, consumption of fast
food which is generally high in protein and inappropiate calcium intake are the factors lead to an

increase the risk of osteoporosis at this time.  Research in high school adolescents showed that
76.2% of adolescents are in a situation of lack of calcium consuming category. The average

calcium intake is only 559.05 mg/day or 55.9% of the Daily Value (DV).

Calcium intake recommended for women who have not yet menopause is around 1000-1200 mg

/day.  The main sources of calcium found in foods are milk and other dairy products such as
cheese or yogurt, green vegetables such as broccoli, fortified juices with calcium, and soybeans

and soy products.  Indonesia has a variety of soy products such as soybean milk, tofu, tempeh,
soy sauce, tauco, and tempeh gembus which can be an alternative affordable source of

calcium.

Meatballs are a type of food that is shaped like a ball made from meat and flour. In general,
meatballs in the community vary in name according to the types of basic ingredients such as fish

meatballs, chicken meatballs, and beef meatballs or original meatball.

Tempeh gembus is one of the functional food products that is widely eaten by Indonesians.
Tempeh gembus are usually made from tofu residue from soybeans which are commonly used as
animal feed. When compared with other soybean products, such as tofu and tempeh, tempeh
gembus has relatively a little nutrient content. This is because tempeh gembus is the residual of
tofu processing. Protein loss in tofu processing is mainly due to boiling process and unused

residue from tofu.

In 2002, Murdiati reported that tofu residue contains 22.28% protein, 5.87% fat, and 71.83%

carbohydrates.  Another study showed that an innovative snack product like kerupuk made from
tapioca flour combined with tempeh gembus still contains high fiber ranged between 38.1 to

67%.  Tempeh gembus contains of essential fatty acids, such as linoleic acid 21.51%, linolenic

acid 1.82% and unsaturated fatty acids 16.72%.  Tempeh gembus (dry weight per 100 g) also had
some important nutrition contents, such as protein 4.07 g, carbohydrate 14.25 g, fiber 4.69 g,

calcium 159.98 mg and iron 0.48 mg.  Tempeh gembus had health effects such as proteolytic,

fibrinolytic and anti-imflammation effect that might be able to act as antithrombotic. Based

on the previous study, tempeh gembus also known had antimicrobial  (against S. aureus, B.

subtilitis, and S. mutans) and antioxidant activities.  Raw tempeh gembus contains fiber 3.93 g,

calcium 143 mg, phosphorus 50 mg, and iron 0.40 mg per 100 g.  The content of these nutrients
will also be easier to digest due to fermentation. The digestive enzymes produced by tempeh

mold make protein, fat, and carbohydrates in tempeh easier to digest.  Protein digestibility
values of tofu residue are also quite high even though it is still lower than tofu. Protein
digestibility on soybean yield was 78.7% for tofu residue, 92.7% for tofu and 65.3% for boiled

soybeans.

Analysis of nutrient content in the form of calcium and protein contents was carried out to
determine the nutritional content of tempeh gembus meatballs. Protein digestibility test was
carried out to determine the quality of protein digestibility in tempeh gembus meatballs. The
acceptance level test was conducted to test the acceptance of tempeh gembus meatball
products among teenagers. Hence, the objective of the present work was found the best
formulation of tempeh gembus meatballs and analyze the effect of the substitution of tempeh
gembus on the protein content, calcium, digestibility of the protein, and the acceptability of
tempeh gembus meatballs.

Materials and Methods
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Materials of this study sample used tempeh gembus which is obtained from the manufacturer
located in Semarang Indah Cluster. Tempeh gembus used was from the local soybean processing
in the Grobogan area.

This research was an experimental study with a complete randomized one-factor design. The
factor in this research is the comparison of the composition of tempeh gembus with beef in units
of percent. In this study, 4 levels of treatment were carried out with a percentage of 25%, 50%,
75%, 100% and 1 control with a percentage of 0%. Each group was repeated five times. All
samples will be analyzed for protein contents was conducted using Kjeldahl method, calcium
contents using spectrophotometer Uv-Vis, protein digestibility using in-vitro method, and
organoleptic tests on one sample from each treatment without repetition using hedonic tests
(level of preference) on semi-trained panelists. Determination of the formulation of adding
tempeh gembus is through preliminary research. Salt, garlic, shallots, and pepper were used as
flavoring agents. Egg white and baking soda were used as adhesives and dough developers.

Preliminary Treatment Samples

The main study used a completely randomized design of 1 factor, namely the substitution of
tempeh gembus with 4 levels (25%, 50%, 75%, 100%) and 1 control (0% tempeh gembus) with 5
repetitions to obtain 25 experimental units for analysis of nutrient content and the level of
acceptance.

The meatballs were formulated by weighing the ingredients according to the level of treatment.
The tempeh gembus steamed and smoothed using a mortar. Tempeh gembus mixed with all
mashed ingredients and ground meat. After that, shaping and boiling process is done in boiling
water until the meatballs appear on the surface of the water ± 15 min.

Table 1: Formulation of Treatment in Research

Material
Amount of Material

0% 25% 50% 75% 100%

Minced beef 100 g 75 g 50 g 25 g -

Tempeh Gembus - 25 g 50 g 75 g 100 g

Tapioca flour 20 g 20 g 20 g 20 g 20 g

Pepper 2,5 g 2,5 g 2,5 g 2,5 g 2,5 g

Egg 20 g 20 g 20 g 20 g 20 g

Garlic 2 g 2 g 2 g 2 g 2 g

Red onion 2 g 2 g 2 g 2 g 2 g

Salt 1 g 1 g 1 g 1 g 1 g

Baking soda 1 g 1 g 1 g 1 g 1 g

 

Protein Content Analysis

The refined samples were weighed as much as 0.2 g and dissolved into the Kjeldahl flask. As
much as 0.7 g of nitrogen catalyst which includes 250 g of Na SO  + 5 g of CuSO  + 0.7 g of

Selenium / TiO after that added 4 ml of concentrated H SO  is inserted to the flask through the

flask wall. The solution was destroyed in the fume hood until the color of the solution turned
clear green, then added 10 ml of aquadest. The solution was distilled by adding 20 ml of NaOH –
TiO (NaOH 40% + Na S O  5%) then the distillate was accommodated in Erlenmeyer which has

been filled with 4% H BO  and the indicator Mr-BCG up to 60 ml where the color changes from

red to blue. The distillate solution is tested using a standard 0.02 N HCl solution until it reaches
the end point of the titration, which changes color from blue to pink and records the volume of
the titration.

Calcium Contents Analysis

The samples were weighed as much as 500 mg. 25 mL of concentrated HCL added and heated it
for 15 minutes. The sample was filtered in to a 50 mL measuring flask and distilled water to the
limit.

The sample solution that was made was taken as much as 1 mL and neutralized with 40% NaOH.
After neutral, the volume is sufficient to 10 mL. The neutral solution was taken as much as 1 mL
and put it in a 25 mL measuring flask. After that, 1 mL of murexide solution and 2 mL of NaOH
were added, then filled with distilled water to 25 mL. The solution is shaken until it is
homogeneous and inserted into the cuvette to be read on the length of a wave of 534.6 µm.

2 4 4

2 2 4

2 2 3

3 3
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Protein Digestibility Analysis

The samples weighed as much as 5 g were put into Erlenmeyer then added 20 ml of pH 2
whaffole buffer as much as 20 ml and 1% pepsin enzyme as much as 2 ml. The solution was
incubated at 40°C for an hour. The solution was filtered or centrifuged and then 5 ml of 5% TCA
was added. The solution was left to stand for an hour then 5 ml of filtrate was taken to analyze
the protein content.

Acceptance Level Analysis

The organoleptic tests using hedonic tests (level of preference) on semi-trained panelists as
many as 30 people from Nutrition Science students of Diponegoro University in the semester 4
and 6 grades with 5 preference scales, namely 1 = Very dislike, 2 = Dislike, 3 = Neutral, 4 = Like,
5 = Really Like. In this organoleptic test, there are 5 formulations in the form of 1 control
formulation and 4 substitution formulations.

Statistical Analysis

All results of the experiments are expressed in median and mean ± standard deviation. Data
were analyzed by using statistical software. Kruskal-Wallis and Friedman were used to test the
mean differences and the statistical significance differences between mean values was
established at p <0.05. Mann-Whitney and Wilcoxon were used to post-hoc test.

Results

Table 2: Results of Protein Content Analysis of Tempeh Gembus Meatballs

Addition of Tempeh
Gembus Levels

n
Median (maximum-

minimum)
Mean ± SD (%) p* 

0% 5 11.27 (11.16-11.61) 11.30 ± 0.18 < 0.05

25% 5 8.04 (8.02-8.04) 8.03 ± 0.01

50% 5 7.25 (7.19- 7.34) 7.26 ± 0.06

75% 5 4.45 (4.40- 4.50) 4.45 ± 0.04

100% 5 3.25 (3.08- 3.37) 3.23 ± 0.14

 

*Kruskal-Wallis Test, Mann-Whitney Post-hoc Test; ** Different superscript letters (a, b, c) show
significant differences (p <0.05)

Protein Contents

The results of the analysis of protein contents of tempeh gembus meatballs showed the
difference between the addition of tempeh gembus in meatballs and protein contents (p = 0.00).
Protein contents of all treatment groups are significantly different from controls and different
between treatment groups. The highest protein content in the control class of tempeh gembus
meatballs were 11.21%. The more additions of tempeh to the tempeh gembus meatballs, the
protein content decreases significantly.

Table 3: Results of Calcium Analysis of Tempeh Gembus Meatballs

Addition of Tempeh
Gembus Levels

n
Median (maximum-

minimum)
Mean ± SD
(mg/100g)

p* 

0% 5 350.68 (343.35- 357.74) 351.44 ± 6.21 < 0.05

25% 5 351.45 (343.35- 356.84) 351.19 ± 5.36

50% 5 354.40 (332.42- 356.20) 350.49 ± 10.13

75% 5 354.53 (350.16- 356.20) 353.94 ± 2.29

100% 5 355.30 (351.32-356.07) 354.53 ± 1.94

 

* Kruskal-Wallis Test

Calcium Contents

The results of the analysis of calcium content in tempeh gembus meatballs showed no difference
between the addition of tempeh gembus in meatballs on calcium content (p = 0.944). Calcium
contents across treatment groups did not differ significantly from controls. The highest calcium
content is found in 100% tempeh gembus meatballs for 354.53 mg/100g.

a

b

c

d

e
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Table 4: Results of Analysis of Protein Digestibility of Tempeh Gembus Meatballs

Addition of Tempeh
Gembus Levels

n
Median (maximum-

minimum)
Mean ± SD (%) p* 

0% 5 83.71 (75.28- 89.21) 82.17 ± 5.37 < 0.05

25% 5 54.06 (45.14- 60.15) 53.22 ± 5.52

50% 5 64.10 (47.82- 64.93) 58.44 ± 8.52

75% 5 56.22 (52.98- 75.92) 61.27 ± 10.13

100% 5 5 87.11 (71.15- 91.05) 83.96 ± 8.19

 

*Kruskal-Wallis Test, Mann-Whitney Post-hoc Test; **Different superscript letters (a, b, c) show
significant differences (p <0.05)

Protein Digestibility

The results of the analysis of protein digestibility of tempeh gembus meatballs showed the
difference between adding tempeh gembus in meatballs and protein digestibility (p = 0.00).
There is no significant difference between the treatment of 0% and 100%, 25% and 50%, 25%, and
also 75%, and 50% and 75%. The highest protein digestibility in 100% tempeh gembus meatballs
was 83.97%.

Table 5: Results of Analysis of Acceptance Levels on the Color of Meatballs with Tempeh
Gembus Substitution

Addition of Tempeh
Gembus Levels

n
Median (maximum-

minimum)
Mean ± SD p* 

0% 30 4.00 (2.00 – 5.00) 3.63 ± 1.03 < 0.05

25% 30 4.00 (2.00 – 5.00) 3.80 ± 1.06

50% 30 3.00 (2.00 – 5.00) 3.16 ± 0.87

75% 30 3.00 (2.00- 5.00) 3.26 ± 0.78

100% 30 2.00 (2.00- 5.00) 2.73 ± 0.98

 

*Friedman Test, Wilcoxon Post-hoc Test; ** Different superscript letters (a, b, c) show significant
differences (p <0.05)

Acceptance Level Test

Color

Based on the statistical analysis with the Friedman test showing the addition of tempeh gembus
in meatballs showed a significant increase in the color of meatballs (p = 0.00). The color of
tempeh gembus meatballs with the substitution of 25% tempeh gembus had the highest level of
acceptance of 3.80 (likes), while meatballs with 100% tempeh gembus content had the lowest
level of acceptance of color of 2.73 (neutral).

The results of further test analysis showed that there were no significant differences in the
treatment of 0% and 25%, 0% and 50%, 0% and 75%, 50%, and 75%.

Table 6: Results of Analysis of Acceptance Levels on the Taste of Meatballs with Tempeh
Gembus Substitution

Addition of Tempeh
Gembus Levels

n
Median (maximum-

minimum)
Mean ± SD p*

0% 30 3.00 (2.00- 5.00) 3.23 ± 1.04 < 0.05

25% 30 3.00 (2.00- 5.00) 2.80 ± 0.80

50% 30 3.00 (2.00- 5.00) 2.76 ± 0.89

75% 30 3.00 (2.00- 5.00) 3.13 ± 1.22

100% 30 2.00 (2.00- 5.00) 2.76 ± 0.97

 

*Freidman Test
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Taste

Based on statistical analysis with the Friedman test, the addition of  tempeh gembus in
meatballs did not significantly increase or decrease the meatball taste (p = 0.24). There was no
significant difference in taste in the addition of tempeh gembus to the meatballs.

Table 7: Results of Analysis of Acceptance Levels on the Flavor of Meatballs with Tempeh
Gembus Substitution

Addition of Tempeh
Gembus Levels

n
Median (maximum-

minimum)
Mean ± SD p*

0% 30 3.00 (2.00- 5.00) 3.23 ± 1.04 < 0.05

25% 30 3.00 (2.00- 5.00) 2.80 ± 0.80

50% 30 3.00 (2.00- 5.00) 2.76 ± 0.89

75% 30 3.00 (2.00- 5.00) 3.13 ± 1.22

100% 30 2.00 (2.00- 5.00) 2.76 ± 0.97

 

*Friedman Test, Wilcoxon Post-hoc Test; ** Different superscript letters (a, b, c) show significant
differences (p <0.05)

Flavor

The analysis of the level of acceptance of meatball flavor with the addition of tempeh gembus
showed significant results. There is a difference between the flavor of meatballs without the
addition of tempeh gembus and with the addition of tempeh gembus.

The addition of tempeh gembus in meatballs significantly increased the level of acceptance of
meatball flavor (p = 0.04). The most preferred meatballs flavor is meatballs with the addition of
tempeh gembus by 25%, while meatballs with 50% addition have the lowest level of acceptance
of the flavor which is equal to 3.03 (neutral).

The results of further test analysis showed that there were significant differences in the
treatment of 0% and 50%.

Table 8: Results of Analysis of Acceptance Levels on the Texture of Meatballs with Tempeh
Gembus Substitution

Addition of Tempeh
Gembus Levels

n
Median (maximum

minimum)
Mean ± SD p*

0% 30 3.00 (2.00- 5.00) 2.93 ± 0.94 < 0.05

25% 30 3.00 (2.00- 5.00) 3.16 ± 0.79

50% 30 3.00 (2.00- 5.00) 2.60 ± 0.89

75% 30 3.00 (2.00- 5.00) 2.00 ± 0.87

100% 30 2.00 (2.00- 5.00) 2.46 ± 1.13

 

*Friedman Test, Wilcoxon Post-hoc Test; ** Different superscript letters (a, b, c) show significant
differences (p <0.05)

Texture

The addition of tempeh gembus in meatballs gives a difference to the texture of meatballs (p =
0.00). The texture of meatballs with the addition of 25% tempeh gembus has the highest level of
texture acceptance which is 3.16 (neutral). Whereas meatballs with the addition of 75% tempeh
gembus have a low texture acceptance which is only 2.00 (dislike).

The results of further test analysis showed that there were no significant differences in the
treatment of 0% and 25%, 0% and 50%, and 50% and 100%.

Discussion

Protein Contents

Addition of tempeh gembus in meatballs significantly reduced protein contents. In meatballs
added with tempeh gembus, the protein content decreased due to the number of beef used and
heat treatment during cooking. Meanwhile, previous study reported that the increase in
temperature corresponded to the increase in protein denaturation and significant decrease in

a,b
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protein content as observed in the present study.  Protein contents in meatballs with tempeh
gembus content of 25%, 50%, 75%, and 100%, differ significantly from the control. Meatballs with
tempeh gembus content of 0% or controls have the highest protein content (11.21%), while
meatballs without meat additives or 100% tempeh gembus have the lowest protein content
(3.24%). However, when compared with meatball quality standards according to the National
Standard of Indonesia, the meatball protein content with the formulation of 0% tempeh gembus

or control has met these standards whic is minimum 11% protein.

Meatball protein contents are influenced by protein content from raw materials. The increasing
use of beef, it will show a tendency to increase contents of meatball protein produced. This is
because beef has a higher protein content than tempeh gembus. The protein content of beef

reaches 18.80 g per 100 g of ingredients,  Meanwhile, the protein content of tempeh gembus is

only 6.7 g per 100 g of ingredients.

In the results of the study, there was a decrease in protein contents in tempeh gembus meatballs
when compared with the previous theory. This can be affected due to processing that occurs
when making tempeh gembus and when making tempeh gembus meatballs. Making tempeh
gembus through the fermentation process wherein the process is used Rhizopus sp. strain. The
nitrogen compounds contained in the tempeh gembus protein are utilized by the mold of

Rhizopus sp. for its growth.

The steaming factor in tempeh gembus before making meatballs also affects the decrease of
protein in meatballs. This was proven based on the research that had been done before, the
tempeh gembus with steaming treatment had decreased in protein content compared to the

tempeh gembus without any treatment.  Protein will be coagulated at a tempehrature of 100ºC
and the water contained in the food will come out. This is because the protein loses its binding
power to water so that the increase in steaming temperature will cause the protein to be

dissolved and denatured.  In addition, the decrease in protein content in meatballs is also
alleged to be the result of the addition of tempeh gembus, where the tempeh gembus contains a
lot of fiber. Fiber can bind to water. Water can dissolve protein. The presence of fiber on
meatballs due to the addition of tempeh gembus causes water to be unable to bind proteins
perfectly because water binds to fiber so that a lot of protein is dissolved in the process of

cooking meatballs.

Calcium Contents

Calcium is the micronutrient needed by the body and the most abundant minerals in the body,

which is 1.5-2% of an adult’s body weight, or around 1,000-1,400 g per 70 kg of body weight.
Calcium analysis in this study used the Uv-Vis spectrophotometric method. This method is used
for quantitative analysis of metal elements in trace amounts and ultra-trace amounts. This
method gives the total amount of metal elements in a sample and does not depend on the

molecular form of the metal in the sample.

Calcium contents in meatballs do not increase or decrease significantly. Calcium contents in the
addition of tempeh gembus at 100% level with the highest calcium content of 354.53 mg/100 g of
tempeh gembus meatballs. This result shows that the calcium content of the tempeh gembus
meatballs is almost the same as beef meatballs. However, this is not in accordance with the
theory of previous research. In a study conducted by Sulchan et al, calcium contents contained

in tempeh gembus were 143 mg /100g.  Whereas from the research conducted by Ruth et al,

that is equal to 232.09 mg/100g.

Increased calcium contents are alleged due to the addition of ingredients found in tempeh
gembus meatballs. In the process of making meatballs, added some ingredients such as 20% egg
white, 20% tapioca flour, 2% onion, 2% garlic, 2,5% pepper, and 1% baking soda. Calcium content

in egg white is 8 mg/100g , tapioca flour 20 mg /100mg , onion 36 mg /100 mg , garlic 181

mg /100mg , pepper 18 mg /100g , baking soda 40 mg /100g.  Calcium content contained in
the composer material of tempeh gembus can have an effect on the increase of calcium in
tempeh gembus meatballs.

Protein Digestibility

Protein digestibility is the ability of proteins to be hydrolyzed into amino acids by digestive
enzymes; which if the protein digestibility is high means that proteins can be hydrolyzed
properly into amino acids so that the number of amino acids that can be absorbed and used by
the body is high, while low protein digestibility means proteins are difficult to hydrolyze into
amino acids so that the amount of amino acids that can be absorbed and is used by a low body

because most of it will be removed by the body together with feces.
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Addition of tempeh gembus in meatballs had significant effect on digestibility of meatball
protein (p = 0.00). The highest protein digestibility is found in meatballs with 100% tempeh
gembus content of 83.97%. This result shows a high number. Protein digestibility is high if the

digestive power is equal to or greater than 80%.  While the lowest digestibility of the protein is
found in meatballs with the tempeh gembus content of 25% and 50%. This is not in accordance
with previous research. In the previous study, it was stated that the tempeh gembus with the

steaming process had a protein digestibility of 48.68%.  This was alleged because, at the time
of making the tempeh gembus meatballs, meatballs underwent a boiling stage. The boiling stage
can make composed proteins become denatured. Denaturation is the breaking of bonds in

molecules so that protein molecules will tend to be easily digested by digestive enzymes.

Protein that has been denatured will be easily digested.

The digestibility of tempeh gembus meatball protein in the treatment of 25%, 50%, and 75%,
decreased in value compared to meatballs with a treatment tempeh gembus of 0% and 100%.
This is alleged due to the formation of cross-linking proteins. Cross-linking that occurs causes
proteases such as trypsin to find difficulty in breaking or breaking peptide bonds in cross-linked
proteins. Lysine will easily interact with the aliphatic carbon group [- (CH ) -NH3] so that the

availability of lysine becomes less useful.

Acceptance Level

Color

In organoleptic tests, at first, the product is assessed visually by looking at the colors they have.
Color is the first sensory that can be seen directly by panelists. Determination of the quality of
food generally depends on the color it has. Color that does not deviate from the color that

should be, will give the panelists a distinctive impression.

The addition of tempeh gembus to the meatball had a significant effect on the level of
acceptance of meatball color (p = 0.00). The average rating value of the panelist’s hedonic test
on meatball color ranges from 2.73 to 3.80 (neutral-like). Panelists generally like the color of
meatballs from all treatments caused by the color of meatballs in this study the same as the
color of beef meatballs on the market. However, on meatballs with a content of 100% tempeh
gembus without the addition of meat, the resulting color is slightly paler compared to meatballs
with a mixture of meat.

The color of grey brownish meatballs comes from the process of heating or boiling meatballs
dough. During heating, the color of the meat will gradually change from pink to paler. The color
change is a result of the amount of myoglobin pigment being oxidized to metmyoglobin and

protein polymerization.  In making meatballs, meat should be used in the pre-rigormortis
phase. This is because the use of meat in this phase affects the color of the meatballs produced.
The use of post-rigor beef will produce a whiter meatball color when compared to pre-rigor

meat.

Taste

Taste is a determining factor for consumer acceptance of food products. Formulations of spices,
composer and meat conditions for making meatballs greatly affect the taste of the meatballs

produced.  The amount of tempeh gembus added to the meatballs did not affect the level of
acceptance of the tempeh gembus meatballs (p = 0.24). The average value of the panelist
assessment of the hedonic test for meatball taste ranges from 2.76 to 3.23 (neutral). The 0%
treatment of tempeh gembus or 100% beef meatballs received the highest score of 3.23 which
indicates that the panelists prefer meatballs with a content of 100% beef because it is more
savory.

The savory typical value of meatballs is obtained from glutamic acid contained in beef.
Glutamic acid contained in beef reaches 14.4 g/100g of ingredients. Whereas, glutamic acid

contained in the tempeh gembus only 0.29%/100g tempeh gembus wet weight.  Besides
glutamic acid, meatballs from pre-rigor meat also have a better taste. This is because pre-rigor

meat has a water binding capacity and high pH which increases tenderness and juicy in meat.

Flavor

The assessment of the flavor of food is an evaluation of the sense of smell. Addition of tempeh
gembus to the meatball had a significant effect on the level of acceptance of meatball flavor (p
= 0.04). The average value of the hedonic test by the panelists on meatball flavor ranges from
3.03 to 3.70 (neutral-like). The highest value (most preferred) for the flavor assessment was
obtained from the chopped tempeh gembus meatballs with the tempeh gembus formulations of
0%. Spices such as garlic can enhance and modify the flavor. Spices are material that is
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intentionally added to improve consistency, nutritional value, taste, control acidity, and

basicity, and to strengthen the shape and appearance of products.  Spices are also useful for
increasing taste, as an antioxidant that can reduce rancidity, and as an anti-microbial that can
extend the shelf life of meatballs. In addition, based on research on soybean tempeh, the fat
contained in soybean tempeh is resistant to the rancidity process which is influenced by the

production of natural antioxidants by mold tempeh.

Texture

Texture assessment is done to find out whether the surface of the tempeh gembus is elastic.

Elasticity is the ability of food to return to its original form after being pressured . The addition
of tempeh gembus to the meatballs has a significant effect on the level of acceptance of
meatball texture (p = 0.00). The average value of the assessment level of the hedonic test by the
panelists on the texture of meatballs ranges from 2.00 to 3.16 (dislike-neutral). The highest
value (most preferred) for the texture assessment was obtained from the tempeh gembus
meatballs with the tempeh gembus formulations of 25%. Whereas, the smallest value (disliked
and highly disliked) was obtained on the tempeh gembus meatballs with the tempeh gembus
formulations of 100% and 75%. Factors that influence the tenderness value are connective tissue
and marbling fat contained in the product, as well as the temperature which has an influence on

the binding capacity of water by meat protein, cooking shrinkage, pH and meat juice content.

The elasticity of 25% meatballs is alleged due to the high binding capacity of water from meat.
Beef has 66% moisture content per 100g of ingredients. Whereas, the steaming tempeh gembus

has a water content of 65.22%.  The binding capacity of water can be defined as the ability of
the meat to maintain its water content during external treatments such as cutting, heating,
grinding, and processing. Protein contents also become an influencer, because the higher the

protein content, the higher the water bound, thus the meatballs will be more elastic.

Determination of Selected Formula

The best products are selected by giving weighting to the test results on tempeh gembus
meatballs. The first thing to do is to give weight to the results of the hedonic test conducted by
Mansyhur (2017). Weighting is given to four indicators which are scored corresponding to their
interests according to the panelists. The taste and flavor are given the highest weighting, which
is 40% because taste and flavor are the most important indicators in determining the first

acceptance of a product.  Furthermore, the color and texture are given a weight of 10%.

Table 9: Hedonic Test Attribute Weighting Results

Indicators 0% 25% 50% 75% 100%

Color 1.48 1.4 1.21 1.39 1.37

Taste 1.29 1.12 1.21 1.25 1.11

Flavor 1.48 1.4 1.21 1.39 1.37

Texture 0.29 0.32 0.26 0.2 0.25

Over all 4.54 4.24 3.79 4.23 4.10

 

The first rank is obtained by a hedonic test with a control treatment or 0%, while the second
rank is obtained by a hedonic test with a treatment of 25%. Because in this study the researchers
sought the best substitution formulation, the researchers took the second rank with 25%
treatment.

The next step after weighting the results of the hedonic test is weighting of each formula
according to the results of the test of protein content, calcium content, and protein digestibility.
The formula that has the highest value of the test done will get the highest score.

Table 10: Selected Formulation Determination Scores

Formula
Hedonic

Test
(40%)

Score
Protein
Content
(20%)

Score
Calcium
Content
(20%)

Score
Protein

Digestibility
(20%)

Score
Score
(100%)

Scoring
Result

0% 4 1.6 5 1 3 0.6 4 0.8 4

25% 5 2 4 0.8 2 0.4 1 0.2 3.4
Selected
Formula

50% 1 0.4 3 0.6 1 0.2 2 0.4 1.6

75% 3 1.2 2 0.4 4 0.8 3 0.6 3

42

45

33

44

27

42

39

43



1/30/2020 The Effect of Tempeh Gembus Substitution on Protein Content, Calcium, Protein Digestibility and Organoleptic Quality of Meatballs

https://www.foodandnutritionjournal.org/volume7number3/the-effect-of-tempeh-gembus-substitution-on-protein-content-calcium-protein-digestibility-a… 10/13

100% 2 0.8 1 0.2 5 1 5 1 3

 

The formulation with the highest value is the treatment of 0% and 25%. However, because the
researchers wanted to find the best treatment for the substitution of tempeh gembus, the
treatment of meatballs with the substitution of 25% tempeh gembus can be used as an
alternative in making local food-based snacks. Meatballs formulation of 25% has a protein
content of 8.03%, calcium content 351.19 mg/100g, and protein digestibility of 53.22%.

The results of the hedonic quality assessment show that meatball formulation of 25% has
characteristics such as gray which is favored by panelists (3.80), taste that is considered neutral
by panelists (2.80), meatball flavor preferred by panelists (3.50), and a little compact texture
that is considered neutral by panelists (3.17).

Furthermore, the results of the analysis of protein and calcium content from the formulation
were 25% compared to the Nutritional Label Reference (NLR). NLR for the general category
according to PKBPOM Number 9 of 2016 concerning Reference to Nutritional Label Reference is

60 g protein and 1100 mg for calcium.  Below is a comparison of the results of the analysis of %
NLR

Table 11: Energy Content, Protein, Calcium per Serving Dose

Components Analysis Result % NLR (%)

Protein (g/100g) 8.03 13.4

Calcium (mg/100g) 351.19 31.9

 

Analysis of the Contribution of Nutritional Content to DV and NRL

The serving dose of the tempeh gembus meatball products is determined based on the number of
the daily value (DV) in adolescents 16-18 years. The serving dose is determined to assume the
meatballs are consumed as a snack with a minimum percentage of 10%.

Table 12: Contribution of Nutritional Content to DV and NRL

Components
Nutritional

Content (per
serving 78 g)

% DV in Adolescents 16-18
Years

% NLR
Boys 16-18

Years
Girls 16-18

Years

Energy (kkal) 270 10% 13% 13%

Protein (g) 6.3 10% 11% 11%

Calcium (mg) 273.9 23% 23% 25%

 

From the results above, it can be seen that the fulfillment of the DV and NLR from 25% tempeh
gembus meatballs is only about 10-20% of the daily requirement. Therefore, other additional
foods are needed to meet the needs of calcium and protein for body needs in a day.

Conclusion

The interaction of substitution of tempeh gembus with meat content in tempeh gembus
meatballs has an effect on protein contents and protein digestibility but had no effect on
increasing calcium meatball contents for body needs in a day.

Based on an analysis of nutrient content, protein digestibility, and organoleptic tests formulation
with 25% tempeh gembus substitution was found to be a best formulation of meatballs containing
protein content of 8.03%, calcium contents of 351.19 mg / 100 g, and protein digestibility of
53.22%. It is therefore important that advances in development of tempeh gembus combination
that has significant value in increased the calcium content in addition to the increase the protein
content, protein digestibility and acceptability of tempeh gembus meatballs.

Suggestions

Need to do further research to increase the level of preference for the taste of tempeh gembus
meatballs.
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