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ABSTRACT

The objectives of this study were to study the feasibility of producing shrimp
pulp from the head of black tiger prawn (Penaeus monodon) and to produce shrimp
crackers from shrimp pulp. This study produced the pulp by three methods: by
meat/bone separator, by enzyme and by hand. In this study, shrimp crackers were
made from pulp. Shrimp crackers were analyzed for their proximate composition:
protein, carbohydrate, fat, moisture, and ash. In addition, shrimp crackers were tested

for their sensory quality.

As a result, shrimp pulp separated by hands yielded 175 g per kg of shrimp
head, 370 g per kg of shrimp head with meat/bone separator, and 740 g per kg of
shrimp head with enzyme (0.25 % bromelain). The ranges of protein content were
10.02-13.49 % in shrimp pulp, and 5.10-5.65 % in shrimp crackers. Most means of
all sensory evaluation scores of the crackers were over 5 point from a 9 point hedonic
scale. Shrimp pulp separated with the separator gave the cheapest cost at 1520
baht/kg. In addition, the shrimp crackers made from the cheapest pulp were the

cheapest at 46.27 baht/kg.
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CHAPTERI
INTRODUCTION

1.1 Background and Statement of the Problems

Thailand’s seafood products have built a reputation for quality that has enabled
them to enter tough markets like Japan and the United States in large quantities. One
major export item is frozen seafood, especially frozen shrimp products. There is no
lack of demand for Thailand’s shrimp products. The world is now their market.
According to figures from the Bank of Thailand, 148,862 tons of fresh and frozen
shrimp were exported in 1993. The three largest markets were Japan, the United States
and the European Union. Japan imported 53,751 tons of Thai shrimp, the United
States imported 46,018 tons and the European Union imported 17,808 tons
(APF1,1995). The frozen shrimp product, one of the most important export seafood
products, has several production processes. The process of heading and peeling must
depend on customer requirements of product forms. The main product forms of
frozen shrimp are shown below.

(1) Whole or head-on and shell-on

(2) Headless and shell-on

(3) Peeled and deveined

(4) Peeled, undeveined and tail-on

(5) Peeled, deveined and tail-on
Shrimp waste from the frozen seafood industry consists mainly of shrimp heads and
shells from the process of heading and peeling. In recent years, growth of the frozen
seafood industry of Thailand has increased rapidly. The quantity of export frozen
shrimp is in large demand. Pollution from these unused parts has become an
increasingly pressing problem, because solid waste disposal and discharge of effluent
are costly. Reducing of processing wastes or finding alternative uses for these wastes
is also an appropriate approach to use as the worthy resources or raw materials.

Consequently, this approach will improve profitability in the frozen seafood industry.



Generally, the weight of shrimp is divided into three parts: the head, the meat
and the shell. The weight of each part is different, depending on the species of shrimp.
For example, the most important species of Thailand’s export products, the black tiger
prawns, Penaeus monodon, the head is about 35 % of the total weight; the meat is
about 40 % and the shell 25 %. The process of frozen shrimp products losses the
weight from the head and the shell, especially when the head is great in weight. The
amount of the shrimp head waste in 1993, estimated from the weight of fresh and
frozen shrimp from the figures of the Bank of Thailand, was about 52,102 tons. In
fact, shrimp head waste contains many valuable components including protein, chitin
and fat. Shrimp wastes have mainly been used for shrimp meal, a useful component in
livestock and aquaculture feeds. However, shrimp processing waste might very well
be used for other purposes. Chitin can be extracted from the exoskeleton, and the
chitin derivative, chitosan, can be used in waste water treatment, food industry, and
medical care. Flavourings and shrimp paste can be extracted from shrimp head.
There are many seafood using good quality shrimp waste for production of products
such as shrimp sauce, shrimp oil and shrimp crackers. Recovering of shrimp waste,
especially shrimp head, has to be suitably preserved before any spoilage occurs.

Spoilage would make alternative usage impossible or economically unattractive.

Food processing industries have an increasingly development with high
technology and know how. At the present time, people have to work hard to earn their
lives. People living in urban area have not much time to cook for themselves after
work, therefore fastfoods, restaurants and cooked foods have replaced home cooking.
A large variety of foods in a greater state of preparation for the consumers is called
convenient foods. Convenient foods mean the processed foods for which the degree
of preparation has been carried to an advanced stage by the manufacturer and which
may be used as labour-saving alternatives to less highly processed products ( Davis,
1987). Cooking for the modern family should take little time. The ingredients of the
foods should be prepared by the whole process or as part of the process. For example,

shrimp crackers, a snacks type of food product, is generally classified as a semi-
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prepared product or intermediate product (Lachmann, 1969). It is popularly consumed
in Southeast Asian countries. Ingredients of shrimp crackers consist tapioca flour,
shrimp, spices and water. The valuable components of shrimp head might be used
instead of shrimp meat or the whole body because shrimp waste can be utilized with

saving cost of raw matertal and reducing waste from frozen shrimp industry.

1.2 Conceptual Framework

Waste from the frozen shrimp industry contains a large amount of shrimp head.
It is easy to collect and its cost is also low. Convenient foods are commonly eaten.
They are easy to prepare and have a prolonged shelflife. Shrimp crackers, a popular
kind of snack in the Southeast Asian region is made from food grade of wastes and by

product from other food industries.

This study will use shrimp heads in the production of shrimp crackers. Shrimp
head consists of the exoskeleton and pulp (meat and viscera). The process will first
separate the pulp from the exoskeleton by three ways : 1.e. by meat/bone separator,
using enzyme and hand picking. Then, the best way of separation will be selected.
After that, the pulp will be used as an ingredient in the formula for the shrimp crackers.
Finally, all treatments and the results will be tested and analyzed. After pulp

separating, the exoskeleton will be collected to be raw material of chitin extracting.
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Process of Producing Frozen Shrimp

Fresh Shrimp

l

Weighing

l

Cleaning

l

Heading

l

Grading

l

Cleaning

l

Preparing for Freezing / Steaming

Weighing

l

Freezing

|

Packaging

|

Storage

Peeling

l

Steaming

l

LQF.

l

Weighing

l

Packaging

|

Storage

Figure 1 Process of Producing Frozen Shrimp

Source : Far East Cold Storage Co.,Ltd.



Conceptual Framework
Shrimp Head
Pulp Separating ——  Exoskeleton

Seasonings ~—— Shrimp Pulp «— Tapioca Flour

l

Mixing

l

Kneading

l

Making into a cylindrical form

(@ 20 mm)

Steaming

l

Cooling

(at refrigerating temperature of 4-10 °C)

l

Slicing
(2-3 mm thick)

l

Drying
Deep-Frying
Shrimp Crackers

Figure 2 Process of Shrimp Crackers Production
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1.3 Objectives of the Study

1.3.1 Study on production of shrimp pulp from the head of the black tiger
prawn (Penaeus monodon).

1.3.2 Study on the feasibility of shrimp cracker production from shrimp pulp.
1.4 Scope of the Study

1.4.1 Raw material was pulp of black tiger prawn, Penaeus monodon,
from the frozen shrimp industry. Shrimp heads are fresh. During
delivery, the head must be kept in ice.

1.4.2 Production of shrimp pulp, properties of the pulp, analyse for proximate
composition.

1.4. 3 Production of shrimp crackers
- Production of shrimp crackers from the pulp.

- Properties of shrimp crackers compared with the standard of
shrimp crackers.

1.4.4 Feasibility study on shrimp cracker production
- Analysis of chemical composition of shrimp pulp and crackers
- Sensory evaluation of shrimp crackers
- Cost analysis
- Waste from producing of shrimp crackers, property of waste and

management of waste
1.5 Definitions of Terms
1.5.1 Hydrolysis : The decomposition of organic compounds by interaction

with water, either in the cold cr heating, alone or in the presence of acids

or alkali or enzymes.



1.5.2 Hydrolysate : Products from hydrolysis, in this study protein is a
substrate and/or amino acids and/or peptides are end products.

1.5.3 Exoskeleton : Hard supporting or protective structures that are external
to and secreted by the ectoderm, e.g., in invertebrates, the carapace,
sclerites, etc.

1.5.4 Pulp : A mass of spongy tissue situated in the interior of an organ, in
this study means viscera and shrimp meat in shrimp head (Shoemaker,

1991).
1.6 Expected Results

1.6.1 To know the process of shrimp crackers produced from the pulp
prepared from shrimp waste from frozen shrimp industry.

1.6.2 To create a new product of shrimp crackers.

1.6.3 To increase the shrimp waste’s value.

1.6.4 To reduce the shrimp waste from frozen shrimp industry.

1.6.5 To find an optimal formulation of shrimp crackers

1.6.6 To save cost of raw materials in the crackers industry.

1.6.7 To reduce quantity of chemicals used to deproteinize shrimp head in

production of chitin and chitosan.



CHAPTER 1I
LITERATURE REVIEWS

The black tiger prawns, Penaeus monodon, are cultured in many parts of
Thailand such as the eastern, the southern and the central regions. The total amount
of shrimp cultured area in 1991 was about 470,826 rais and the total of fresh shrimp
production was about 162,069.69 tons (Department of Fisheries, 1993). Penaeus
monodon is one of the most important popularly consumed shrimps . In 1991, the
value of the produced shrimp was 19,834.11 billion bahts. The main products of
export shrimp are frozen shrimp in two major forms; the block frozen and the

individual quick frozen.
2.1 Chemical Composition of Shrimp Head

Meyers (1986) reported that about 35-45 % of total shrimp weight was shrimp
head which consisted of good quality protein, fat and chitin. The chemical

composition of shrimp heads and shells is shown in Table 2.1.

Table 2.1 Chemical composition of shrimp heads and shells

Components (%)

Protein | Fat Chitin Ash Calcium | Phosphorus
Heads 53.5 89 11.1 226 72 1.68
Shelis 228 6.4 272 31.7 1.1 3 .16

Source : Meyers, 1986.

In Table 2.1, protein is one of the main compositions of shrimp head. In addition,

shrimp heads have several essential nutrients, e.g. calcium and phosphorus.

2.2 Utilization of Shrimp Head
2.2.1 Shrimp Silage
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Ariyani and Buckle (1991) demonstrated the production of silage from
shrimp heads. They found that a mixture of 8 % (v/w)' formic acid and propionic
acid (1:1 v/v) produced a stable shrimp head silage during storage for 10 weeks

at 25-30 °C.
2.2.2 Chitin and Chitosan

Chitin and Chitosan are polymers which have many uses in several
industries. Chitin is a natural polymer which is an essential component of the
skeletal material of crustacean shells. Chitin itself has only a few application;
it acts more as a precursor of chitosan (Shoemaker,1991). Chitosan has
potential for many applications in the food industry such as a functional
ingredient, a coagulating agent, and a new polymer for polymer technology
application (Chavasit,1989). Chitosan is used in the treatment of waste water
i.e. flocculant for recycling water, removing dyes, insecticides and petroleum
products, and chelating with heavy metals to remove toxic wastes. In medical
care, it is an important ingredient for wound healing used in dressing and
treating burns and skin lesions, hard and soft lenses permeable to oxygen.
Chitosan is used in agriculture, animal feeds and cosmetics (Shoemaker, 1991).
In addition, Sophanodora (1993) used chitosan as coating material to prolong
the shelf-life of lime but the treated samples were not significantly different from
the control. In Thailand, a rapid expansion of shrimp and crab processing
industries shows a feasibility for mass production and utilization of chitin

and chitosan (Chavasit,1989).

Benjakul and Sophanodora (1991) reported the production of chitosan
from banana prawn (Penaeus indicus) shells. The results showed the optimal
conditions for chitosan production were deacetylation of chitin from prawn shell

of particle size 1.4-2.0 millimetres with 50 % NaOH (w/w) at a ratio of solids
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to solvent 1:15 (w/v) at 100 °C under vacuum for 30 minutes. The yield of

chitosan was 21.04 % on the basis of dried shell weight.

Benjakul and Sophanodora (1993) demonstrated chitosan production
from carapace and shell of black tiger prawn (Penaeus monodon). The
deproteinization of both the carapace and shell involved treatment with [.O N
NaOH and demineralized with 1.25 N HCI and 0.75 N HC! for deproteinized
carapace and shell, respectively. The chitin from this process was satisfactorily
deacetylated twice with 50 % NaOH (w/v). Chitosan products from both
carapace and shell showed moderate deacetylation with 57.0% and 45 6 %

degree of N-acetylation, respectively.

Benjakul and Wisitwuttikul (1994) reported improvement of deacetylation
of chitin from carapace and shell of black tiger prawn (Penaens nionodon) by
using a method that had been developed for the preparation of highly
deacetylated chitosan by alkali treatment of chitin with intermitted washing by
water. The chitosan products showed 31.89 % and 43.21 % N-acetylation,

respectively.

2.2.3 Flavour and Protein Hydrolysate

Flavouring agents can be produced from natural substances , 1.e. from
plant or animal, or they can be chemically synthesized. However, the flavour
from natural substances is considered more delicate, whereas the chemical

synthesized flavour cannot be imitated.

Teerasuntonwat (1993) reported the extraction of nitrogen compounds
from shrimp head by digesting with bromelain. The optimal extraction

conditions were with 0.25 % bromelain, pH 6 for 5 hours at 50 °C. The



major free amino acids in the flavouring agent from shrimp head were alanine,

glycine, arginine and glutamic acid.

Hanwatanawuthi (1994) demonstrated that raw shrimp head was
readily digested by protease enzyme more than cooked shrimp head. The
hydrolysis in a pilot scale reactor with 9 % Neutrase at 50 °C and controlled pH
of 7 with 5 N‘ HCl resulted in increasing the soluble protein from 3.8 to 5.96%
in 3 hours. The performance of enzymatic hydrolysis was greatly improved

when Neutrease was replaced with koji protease of Aspergillus oryzae.

Many variants of the accelerated hydrolytic process have been studied.
Most included the main steps outlined in Figure 2.1 (Mackie,1994) for the fish

protein hydrolysate process.

Process of Fish Protein Hydrolysate
Fish

l

Comminution

v

Enzvme Hvdrolysis

v

Enzyme Inactivation

v

Sieving
Concentration Centrifugation
Drving Concentration

Partially Insoluble Product  Soluble Product
Figure 2.1 Flow diagram of process of fish protein hvdrolvsate .

Source : Mackie, 1994.



Suparno and Susan (1984) demonstrated the processing of protein

hydrolysate from shrimp waste by acid (6 N HCI) hydrolysis.

Amino acid content in shrimp is higher than fish. The type and quantity
of amino acid of shrimps is shown in Table 2.2. For comparison Meyers
(1986) demonstrated amino acid composition of shrimp meal to fish meal as

shown in Table 2.3.

Teerasuntonwat (1993) reported the amount of free amino acid, total
amino acids and amino acid residues of peptide which was in the flavouring
agent extracted from shrimp head. The amino acids profile of hydrolysate

extracted from shrimp head with bromelain, is shown in Table 2 4.
2.2.4 Peptone

Peptone is an ingredient in the media for microorganisms. Generally,
peptone can be produced from the digestion of protein by enzymes. Peptone is a
source of nitrogen compounds in the media for microorganism. The production
of peptone was made by autolysis and enzyme hydrolysis from black tiger prawn
heads (Usawakesmanee,1995). According to the results, the chemical
composition of peptones from autolysis and enzymes hydrolysis were not

significantly different (Sophanodora, 1989).
2.3 Removing the Pulp and Protein from Shrimp Head
The shrimp head consists of the pulp and exoskeleton, it is necessary to remove

the pulp from shrimp head. There are many ways to do that e g. by using mechanical

equipment, chemical method, or by hands.
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Table 2.3 Amino acid composition of shrimp and fish meal

Amino acid Fish meal Shrimp meal Shrimp meal
(Menhaden) (sun-dried) (head)
Alanine 5.97 5.29 7.56
Arginine 5.98 6.31 6.70
Aspartic acid : 8.76 10.24 9.07
Cystine 0.70 1.59* 2.35
Glutamic acid 12.20 15.46 13.61
Glycine 6.58 - 4.29 6.57
Histidine 2.52 1.90 2.23
Isoleucine 4.28 3.26 6.20
Leucine 7.4 7.57 6.72
Lysine 7.66 6.17 9.20
Methionine 2.89 2.84 1.65
Phenylalanine 3.92 4.56 4.60
Proline 4.52 3.44 3.31
Serine 3.55 4.53 3.49
Threonine 3.85 4.28 4.22
Tryptophan 1.16 1.26 0.63
Tyrosine 3.25 3.64 3.64
Valine 4.98 442 6.77

Source : Meyers, 1986.
* 12 Cysteine



Table 2.4 Free amino acids, total amino acids and amino acids of peptides in

flavouring agent extracted from shrimp head with bromelain

Amino acid millimole/ gram (dry weight)
Free amino acid Total amino acid | Peptides amino acid
Aspartic acid 4.4 83.4 79.0
Glutamic acid 6.6 135.2 128.6
Serine 4.9 57.8 529
Glycine 254 138.4 113.0
Histidine 4.0 204 16.4
Arginine 233 68.1 448
Threonine 7.2 54.7 47.5
Alanine 30.6 111.1 80.5
Proline 12.9 72.4 59.5
Tryptophan 10.2 31.1 20.9
Valine 12.0 74.5 62.5
Methionine 5.5 19.4 13.9
Isoleucine 8.4 52.6 442
Leucine 15.8 79.2 63.4
Phenylalanine 8.1 45.4 37.3
Lysine 8.5 66.0 57.5
Total 187.8 1109.7 921.9
Faa/Taa (%) 16.9

Source : Teerasuntonwat, 1993.

Note: Faa = Free amino acids

Taa = Total amino acids
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2.3.1 Separator

Meat/bone separator, as utilized in the fish processing industry, is an

equipment used for removing the pulp from the head.

2.3.2 NaOH

Sodium hydroxide (NaOH) is used in deproteinization of shrimp head

before production of chitin and chitosan.

2.3.3 Enzyme

Enzymes are used in the food industry such as in the processing of
protein hydrolysate and the production of flavouring agent. There are many
enzymes, for example bromelain produced from pineapple and papain from
papaya. It is used in meat tenderizing and in chill-proofing of beer to reduce
haze formation. It also has some use in bread baking for the reduction of

mixing time and dough viscosity.

2.4 Crackers

Cracker is mainly made of flour such as tapioca flour, and wheat flour. It is
mixed with animal meat, vegetables, and seasonings. After mixing, the ingredients are
kneaded and made into a cylindrical form. Then, the doughs are steamed, cooled at 4-
10 °C and sliced into 2-3 mm thick. Next, the slices are dried and fried in hot

cooking oil.
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2.4.1 Crackers in Thailand

Cracker is a popular snack in Southeast Asian region, including Thailand.
There are many types produced in many parts of Thailand. Most crackers
production are family scales. Sources of crackers production in Thailand are as
follows (Lakleang, 1991).

Shrimp crackers - Ayudhaya, Samutsakorn, Bankok, Songkhla

Fish crackers - Uthaitani, Pattani, Bangkok

Sugarapple crackers - Klangdong, Nakornratchasima

Pumpkin crackers - Kampaengpetch, Bangkok
There are also many researchers who studied how to make crackers from
seasonal fruit, i.e. banana, durian, taro, jackfruit, papaya, guava, mango,

rambutan, corn etc.

There are 9 cracker manufacturers located in the northeast, 11 in the
central , 9 in the north, and 7 in the south. In addition, the main products of
most of these crackers manufacturers are shrimp crackers

(Phumipamorn, 1990).

Vonggraisritong (1987) reported the production and quality of fish
crackers produced from tapioca flour, rice flour, minced fish, spices and
seasonings. The ratios of tapioca flour to rice flour used were 100:0, 80:20,
60:40,40:60,20:80, 0:100 and 0, 20, 40, 60 percent of total weight of flour of
minced fish was added to each of thesebmixtures. The results showed that the
fish crackers with 60 percent tapioca flour and 60 percent minced fish were the

most preferred crackers.

Bruelle (1995) reported that production of tofu chip from tofu (soybean
curd). In the study, the process was divided into two steps: the first step,

making of tofu from  soybean seeds and the second step, making of tofu chips.



In the step of making tofu used of calcium sulfate at a concentration of 0.04 N
for the coagulation of soymilk gave the best results for tofu texture. Then,
when making tofu chips from local tofu, chips could be developed with protein

content higher than 11 % of dry matter.

Tirabal and Raksakulthai (1990) reported the production of fish crackers
from meat of Nile tilapia (Tilapia nilotica). The ratio of tapioca flour to meat

fish 65:35 gave the highest sensory evaluation scores.
2.4.2 Shrimp Crackers

Sophanodora (1987) reported the utilization of prawn head powder
prepared from prawn head wastes, using either a cook/ dry/ grind or a cook/
blend/ dry/ grind method. Oriental prawn crackers were prepared with prawn
head powder blended with tapioca flour. Prawn head powder could be used as
a flavoring and a protein enrichment agent in oriental prawn crackers
with significantly affecting product acceptability. Crackers containing 10 %

prawn head powder were considered the most acceptable.
2.4.3 Ingredients of Shrimp Crackers
2.4.3.1 Tapioca Flour

Tapioca flour is obtained from large, tuberous roots of the
cassava plant (Manihot utilissima Pohl, Manihot esculenta) which
grows in many equatorial regions. Cassava roots maybe either sweet
(containing less than 50 milligram of potential hydrogen cyanide per
kilogiram of fresh root) or bitter (containing 250 milligram or more of
hydrogen cyanide per kilogram of fresh root). Typically, roots contain 70

% water, 24 % starch , 2 % fiber, 1% protein, and 3 % fats minerals and
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sugars. Tapioca flour granules are rounded with a truncated end
(and a well-defined hilum). Granule size is between 5 and 35 micrometre

(Macrae, 1993).

2.4 3.2 Wheat Flour

Wheat flour is a fine powdery substance obtained by milling
wheat with application in farinaceous foods (Igoe, 1989). Wheat flour is
mainly used in paper adhesives, laundry sizing , cotton finishing, and
foods. 1In foods, it is used in the baking industry to permit the use of
hard wheat flour in baked goods. It functions as a binder in breading
and butter mixes. It is used in soups, pie fillings, sauces and gravies

(Macrae, 1993).

2.4.3.3 Salt

Salt is a seasoning and preservative . Chemical composition of
salt is sodium chloride, about 40 percent sodium, and 60 percent
chlorine by weight. It contains not less than 97. 5 percent sodium
chloride after drying, while high-grade salt contains 99.8 percent sodium
chloride. Salt production can be solar evaporation of seawater, rocksalt
mining, and vacuum pan evaporation. The method selected depends on
climate, character of the deposit and type of salt required. Seasoned salt

contains added flavours. It is used in crackers for flavour (Igoe,1989).



2.4.3.4 Pepper

Pepper is a spice made from a berry of the vine Piper higrum L.
Black pepper is picked slightly underripe and dried, during which time
the characteristic black, wrinkled appearance is attained. White pepper is
picked fully ripped and dried after which the outer hull is removed by
attrition to the white core (Igoe, 1989).



CHAPTER 111
RESEARCH METHODOLOGY

This study is divided into 2 steps ; the production of shrimp pulp from shrimp

head and production of shrimp crackers from shrimp pulp.

3.1 Production of Shrimp Pulp

The aim of this step is to produce the pulp by different separating methods.

3.1.1 Materials
- Shrimp head , from a frozen shrimp industry

- Bromelain (activity 900 cdu), Greatfood (Biochem) Co, Ltd.

3.1.2 Equipment
- Meat/bone separator ; General , model CSG
- Mixer

- Drier

3.1.3 Methods
Pulp was separated from shrimp heads by three methods by meat/bone

separator, by enzyme, and by hand picking.

The first stage of pulp separating, weigh one kilogram shrimp head
divided into three groups. The first group of shrimp head was separated by the
meat/bone separator and then the pulp was weighed. The second group of
shrimp head was peeled by hands and the pulp was weighed, and the third
group of shrimp head was soaked in 0.25 % bromelain solution for 60 minutes.
Then, the soaked shrimp head was blended with mixer for 60 minutes. After

blending, the solution of shrimp head was filtered and weighed.
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The separated shrimp pulp was analyzed for the proximate composition |

protein, carbohydrate, fat, moisture and ash property of pulp.

Shrimp Head
- Separator—
- Enzym¢ +—"—7-———+- —  Exoskeleton
- Hand

Separating

Shrimp Pulp

Figure 3.1 Process of production of shrimp pulp from shrimp head

3.2 Production of Shrimp Crackers

3.2.1 Material

- Shrimp pulp from 3.1(3.1.3)
- Tapioca flour

- Garlic

- Pepper

- Fish sauce

- Salt

- Sugar

3.2.2 Equipment

- Mixer or Blender



The separated shrimp pulp was analyzed for the proximate composition ;

protein, carbohydrate, fat, moisture and ash property of pulp.

Shrimp Head
- Separator—
- Enzym¢ —4—— —  Exoskeleton
- Hand

Separating

Shrimp Pulp

Figure 3.1 Process of production of shrimp pulp from shrimp head

3.2 Production of Shrimp Crackers

3.2.1 Matenal

- Shrimp pulp from 3.1(3.1.3)
- Tapioca flour

- Garlic

- Pepper

- Fish sauce

- Salt

- Sugar

3.2.2 Equipment

- Mixer or Blender



- Slicer
- Hot air oven

- Tray dehydrator
3.2.3 Methods

Shrimp pulp is used in shrimp crackers by blending with tapioca flour
and spices. The formulation contained 100 g tapioca flour , 35 g shrimp pulp, 10
g wheat flour, 5.5 g garlic, 2.5 g pepper, 1.5 g salt , 5.5 g fish sauce , 5.5 g
sugar and 30-50 g hot water. Then, tapioca flour was divided into three parts.
One of the three parts of tapioca flour was blended with hot water. Next, the
pregelatinized flour was mixed with the rest of the ingredients. The mixed
ingredients were well kneaded. After kneading, the dough was rolled into a
cylindrical form about 20 mm in diameter. Next, the rolled dough was steamed
for 60-90 minutes. Then, the cooked dough was cooled in a refrigerator over
night. After cooling, the cooled dough was cut into 1 mm thick with the slicer.
Next, the slices were dried in a hot air oven for 180 minutes at 55°C to lower
moisture content to 8-10 %. Then, the dried slices were packed in heat-sealed

bags until analyzed.

37918



Experimental Planning of Process of Shrimp Crackers

Shrimp Head
Separator
Enzvme
Hand
Shrimp pulp
Tapioca Flour
Wheat Flour :
Garlic Mixing
Pepper
Fish Sauce
Sugar Kneading
Salt
Forming
Steaming
Cooling
Slicing
Drying
Deep-Frving

Sensorv Evaluation

Shrimp Crackers

Exoskeleton

Figure 3.2 Experimental Planning of Process of Shrimp Crackers
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3.3 Analysis of Nutritive Values of Pulp and Shrimp Crackers

Equipment

Hot-air-oven

Dessicator

Digestor

Kjeltech System 1026 ™
Balance

Muffle Furnace
Incubator

Soxtec System HT 1043 ™

3.3.1 Moisture was measured by AOAC (1984) item 14.003.
3.3.2 Fat was measured by AOAC (1984) with Soxtec System

HT 1043.™

3.3.3 Crude Protein was measured by the Kjeldalh method with

Kjeltech System 1026.™"

3.3.4 Ash was measured by AOAC (1984).

3.3.5 Carbohydrate was calculated by difference from total weight and the levels

of protein, fat, moisture and ash.

3.3.6 Microbiological analysis

- Total plate count by AOAC (1984) item 46.015

3.4 Sensory Evaluation of Shrimp Crackers

Shrimp crackers were deep-fried for 15 seconds in vegetable cooking oil at 200

°C and

evaluated by panelist for flavour, texture, crispness, and colour. The nine

panelists were teachers and students at the Department of Fishery Product, Faculty of

Fisheries, Kasetsart University.



Each acceptability was based on a 9 point hedonic scale where | = dislike
extremely, 5 = neither like nor dislike and 9 = like extremely. As the average score
was calculated from sum of method and divided by four, it was approximate score.
The significant difference among the sensory acceptability score were analyzed by

using analysis of variance (ANOVA) and LSD.

3.5 Data Analysis

The significant difference among the nutritive values and the sensory

accepatability score were analyzed by analysis of variance (ANOVA) and LSD Test.
3.6 Cost Analysis

3.6.1 Cost of Shrimp Pulp Production
3.6.1.1 Cost of equipment
3.6.1.2 Cost of raw materials/ingredients
3.6.1.3 Cost of wage
3.6.1.4 Cost of energy

3.6.2 Cost of Shrimp Crackers Production
3.6.2.1 Cost of equipment
3.6.2.2 Cost of raw materials/ingredients
3.6.2.3 Cost of wage
3.6.2.4 Cost of energy



CHAPTER 1V
RESULTS AND DISCUSSION

In this study, shrimp heads as an unused material from the frozen seafood
industry were analyzed. The results of this study have five main items: the result of
the production of shrimp pulp from shrimp head, the result of the production of shrimp
crackers from shrimp pulp. the analysis of nutritive values of the products, sensory

evaluation of shrimp crackers and the cost analysis of the products.

4.1 Results of the Production of Shrimp Pulp

Fresh shrimp head was divided into two parts : the exoskeleton and the pulp.
Shrimp pulp from shrimp head consists mainly of meat and viscera (organ). Therefore,
separating of shrimp pulp was a necessary process in this step. The process of shrimp
pulp separating from shrimp head was defined in three methods; the first method was
separating with meat /bone separator, the second method was separating with enzyme,

and the last method was separating by hand picking.
4.1.1 Process of shrimp pulp with meat /bone separator

Shrimp head was washed in running water for 2-3 minutes, then
drained for 10-15 minutes the five kg of washed shrimp head was weighed and
divided into three groups . After weighing, shrimp head was separated with a
meat/bone separator. Next, the shrimp pulp from meat/bone separator was

weighed.

The results of the process of shrimp pulp with the separator showed that
the shrimp puip was a slurry with reddish brown coiour. The yield of shrimp

pulp was 1,850 g per five kg shrimp head (or 370 g per kg shrimp head).
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4.1.2 Process of shrimp pulp by hand picking

Asin 4.1.1, the shrimp heads were washed and weighed. After that, the
washed five kg of shrimp heads were peeled by hand. Next, the pulp, pieces of

shrimp meat from the peeling, was weighed.

From the results of hand picking, the pulp was small pieces of shrimp
meat. The yield of the pulp was 875 g per five kg of shrimp head (or175 g per
kg shrimp head).

4.1.3 Process of shrimp pulp with Bromelain

Along these lines, the shrimp head was washed and weighed. This step
used 0.25 g bromelain powder per 100 g shrimp head. Accordingly, weighed
12.50 g bromelain powder per 5 kg shrimp head. Then, mixed with 2.5 litres
water. After that, the five kg of washed shrimp head was soaked in bromelain
solution for one hour. Then, the soaked shrimp head was blended with a mixer
at low speed for one hour. After mixing, the mixed shrimp head was filtered

with a filter bag. The shrimp head extract was weighed.

From the results of this process, the product was a reddish brown
solution. The yield of the extract was 3,737 g per five kg shrimp head (or 740
g per kg shrimp head)

The results of the production of shrimp pulp from each method are

shown at Table 4.1
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Table 4.1 Yield of Shrimp Pulp from Shrimp Head

Method Yield
(g pulp/kg shrimp head)
Separator 370
Hand 175
Enzyme (bromelain) 740

Results from Table 4.1 indicated that yields of shrimp pulp from each
method were different. The method using 0.25 % bromelain gave the highest
yield of 740 g pulp/kg head. As the shrimp head extract from this method was
squeezed to filter, the extract had the large amount of yield. In the method
using hand picking, the carapace, gills, and jaws were peeled off the shrimp
head. Accordingly, the rest of the shrimp head was the only small pieces of

shrimp meat, and it gave the least yield.
4.2 Results of Production of Shrimp Crackers

Shrimp crackers were prepared from tapioca flour blend with shrimp pulp, and

seasonings. The results of the process of shrimp crackers are as follows.
4.2.1 Process of Shrimp Cracker

Shrimp crackers were made as in 3.2.3. the method of process of shrimp

crackers.
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Table 4.2 Recipe of Shrimp Crackers

Ingredients Quantity

(gram)
Tapioca flour 100
Shrimp pulp 35
Wheat flour 10
Minced garlic 5.5
Pepper 25
Fish sauce 55
Salt 1.5
Sugar 5.5

Hot water 20-40

From Table 4.2, this recipe of shrimp crackers in the present study
referred to the Dept.of Fishery Products, Faculty of Fisheries, Kasetsart
University. Shrimp pulp was used instead of whole body of shrimp meat.
According to Lakleang (1991), the amount of 100 g ingredients could be
produced 70 g crackers. Consequently, the 165.5 g ingredients (excluding

water) produced 115.9 g crackers



Tapioca Flour Hot Water Shrimp Pulp Wheat Flour

Tapioca Flour
|

Minced Garlic Pepper Salt

Fish Sauce Sugar

I

Pregelatinized Flour « :

<

v
Blending

v
Kneading

v
Shaping

(2 cm diameter, 20 cm long)

Steaming

(90 minutes)

Cooling

(5 °C, in a refrigerator over night)

Slicing
(1 mm thick)

Drying
(55°Cfor3h)

Deep-Frying p Shrimp Crackers
(200 °C for 5-10 sec)

Figure 4.1 Flow Chart of Production of Shrimp Crackers
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The products, shrimp pulp and shrimp crackers, were analyzed for proximate

composition. The results of the analysis of the chemical composition are presented in

Table 4.3,

4.3.1 Analysis of Chemical Composition of Shrimp pulp

After separating, shrimp pulp was analyzed for their proximate

composition: protein, carbohydrate, fat, moisture and ash. The results are shown in

Table 4.3

Table 4.3 Chemical Composition of Shrimp Pulp

Method Components (%)
Protein Carbohydrate Fat Moisture Ash
Separator 10.02+£0.69a | 4.01 +0.78a 1.61 £ 0.04b 82.99 £ 0.18b 1.27£0.09a
Hand 13.49+093b | 2.70 + 1.22a 0.67+0.22a 82.09 £0.22a 1.05+£0.003a
Enzymel| 1221£093b | 192+ 16]a 094 £0.21a 84.81 +£0.03¢ 1.12 £0.08a
(bromelain)

In a column, means followed by a common letter are not significantly different at the 5 % level by

LSD test.

The results from Table 4.3 show the proximate composition of shrimp

pulp in all methods. The pulp separated by hand gave the highest protein

content and consisted mainly of the shrimp meat with the least moisture.

4.3.2 Analysis of Chemical Composition of Shrimp Crackers

Shrimp crackers were analyzed for proximate composition: protein,

carbohydrate, fat, moisture, and ash. The results are shown in Table 4.4. The
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differences of means of chemical composition of shrimp crackers were analyzed
by LSD test.

Table 4. 4 Chemical Composition of Shrimp Crackers

Method Components (%)

Protein | Carbohydrate Fat Moisture Ash

Separator | 529 +0.52a | 82.73 +0.51a | 0.63 +0.36a | 8.63 +0.20a | 2.72 +0.01b
Hand 5.65+0.26a | 83.44+0.23b | 0.21 +0.01a | 8.56 +0.11a | 2.69 +0.04b
Enzyme |5.10+0.25a | 8210 t0.45a | 02740062 | 939 +0.19 | 2.59+0.002a

(bromelain)

In a column, means followed by a common letter are not significantly different at the 5 % level by
LSD test .

The results from Table 4.4 showed the proximate composition of shrimp
crackers in all methods. The shrimp cracker made from shrimp pulp separated

by hand had the highest protein content.
4.4 Sensory Evaluation of Shrimp Crackers

The dried slices were deep-fried for about 10 seconds in vegetable

cooking oil at 200 °C. The shrimp crackers were evaluated by panelist for

colour, flavour, texture, and crispness.

The shrimp crackers were graded on a scale of 1 to 9: 1 being the lowest

acceptability and 9 the highest. The results of the sensory evaluation test were

analyzed by analysis of variance.



Table 4.5 Sensory Evaluation of Shrimp Crackers
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Method Mean Panel Scores
Crispness | Texture Colour Flavour Average
Separator | 6.89+1.73a | 6.67+1.49a | 5.56+1.71a | 6.00+1.63a | 6.28+1.70a
Hands 7.00£1.41a | 6.56x1.50a | 7.56+0.83b | 5.67+0.94a | 6.69+1.3%
Enzyme 7.11£1.45a | 5.5621.71a | 4.89+1.79a | 5.78+1.99a | 5.83+1.92a

In a column, means followed by a common letter are not significantly different at the 5 %
by LSD test.

level

The results from Table 4.5 presented means of sensory evaluation in all
methods. Most of the means were not significant except the colour score from
enzyme method. As the shrimp pulp from the enzyme method was relatively
blackish brown, shrimp crackers from this method was blackish orange.

Consequently, the mean scores were low.

4.5 Analysis of Cost

The analysis of cost considered an approximate cost of producing the products

not including opportunity cost, and delivery cost.
4.5.1 Analysis of Cost of Production of Shrimp Pulp

1) Material

- Shrimp Head 3 baht/kg

- Bromelain 1 baht/g

2) Labour cost

- Labour cost 18.75  baht/h/person

Labour cost was calculated based on minimum wage level in

Bangkok. (150 baht/day)

3) Energy



- Electricity cost 3 baht/unit

- Gas cost 3 baht/h
4) Equipment

- Cost of a separator 9  baht/h

- Cost of a mixer 5 baht/h

4.5.1.1 Cost of production of shrimp pulp with meat/bone separator

(1) Shrimp head (5 kg x 3 baht/kg) = 15.00 baht

(2) Electricity cost (0.5 unit x 3 baht/unit) = 1.50 baht

(3) Labour (2 personsx0.25 hx18.75 baht/h/person) = 9.38 baht
(4) Separator cost (0.25 h x 9 baht/ h) = 2.25 baht

Total = 28.13 baht

(per 1.85 kg pulp )
4.5.1.2 Cost of production of shrimp pulp by hand picking

(1) Shrimp head (5 kg x 3 baht/kg) = 15.00 baht
(2) Labour cost(2 personx0.75hx18.75baht/h/person) = 28.13 baht
Total = 43.13 baht

(per 0.875 kg pulp)

4.5.1.3 Cost of production of shrimp pulp with bromelain
(1) Shrimp head (5 kg x 3 baht/kg) = 1500 baht
(2) Electricity cost (1 unit x 3 baht/unit) = 300 baht
(3) Labour cost(1personx 1.5hx 18 75baht/h/person) = 28.13 baht

(4) Bromelain (12.5 g x 1 baht/g) = 12.50 baht
(5) Mixer cost (2 h x 5 baht) = 10.00 baht
(6) Gas cost (1 h x 3 baht/h) = 300 baht

Total = T71.63 baht

(per 3.737 kg pulp)
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The cost of production of shrimp pulp was calculated as above. The

cost of shrimp pulp is presented in Table 4.6.

Table 4.6 Cost, Time, Yield of Production of Shrimp Pulp

Method Time Yield Cost
| (minute) (g pulp/kg head) | (baht/kg pulp)
Separator 15 370 15.21
Hands 45 175 4913
Enzyme 90 740 19.16

According to the results from Table 4.6, the production of shrimp
pulp with separator was the cheapest cost at 15.21 baht/kg pulp. The cost of
production of the pulp with enzyme was 19.16 baht/kg. The production of the
pulp separated by hands gave the most expensive cost of 49.13 baht/kg pulp.

4.5.2 Analysis of Cost of Production of Shrimp Crackers

Materials

- Tapioca flour 15 baht/kg
- Wheat flour 18 baht/kg
- Garlic 40 baht/kg
- Pepper 55 baht/kg
- Sugar . 13 baht/kg
- Fish sauce 25 baht/l

- Salt 10 baht/kg



Table 4.7 Cost of Ingredients of Shrimp Crackers (pulp excluded)

Ingredients | Cost of Ingredients Quantity Cost of Ingredients
(baht/g) (g) (baht)
Tapioca flour 0.015 1000 15.00
Wheat flour 0.018 100 1.80
Garlic 0.040 55 2.20
Pepper 0.055 25 1.38
Fish sauce 0.025 55 1.38
Sugar 0.013 55 0.72
Salt 0.010 15 0.15
Total 1305 22.63

Table 4.8 Cost of Pulp in Shrimp Crackers

Method Cost of Quantity | Cost of Pulp in Shrimp
Pulp (g) Crackers (baht)
(baht/g)
Separator | 0.015 350 525
Hand 0.049 350 17.15
Enzyme 0.019 350 6.65

According to Lakleang (1991), the amount of 100 g ingredients could be

produced 70 g cracker. Consequently, the 1655 g ingredients (not including

water) produced 1159 g shrimp crackers. Therefore, the cost of shrimp

crackers per 1.159 kg were 27.88 (= 22.63+5.25) baht when using a separator,

39.78 (= 22.63+17.15) baht when using hands and 29.28 (=22.63+6.65) baht

when using enzymes. Accordingly, the cost of shrimp crackers per kg were

shown in Table 4.9
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Table 4.9 Cost of Ingredients of Shrimp Crackers

Method Cost (baht/kg)
Separator 2406
Hand 3432
Enzyme(bromelain) 25.26

According to Table 4.9, the cost of ingredients of shrimp crackers from
pulp separated by hands was the most expensive at 34.32 baht/kg. On the

other hand, the cost of shrimp crackers from with enzyme was the cheapest

at 25.26 baht/kg.

The cost of production in the agricultural industry can be divide into
three parts: 52 % material, 32 % wage, and 16 % miscellaneous cost (Jirapan,
et al,1982). Therefore, the cost of the shrimp crackers could be calculated with

a formula as below :

Cost of Shrimp Crackers = 100 x cost of ingredients

52

Table 4.10 Cost of Shrimp Crackers

Method Cost of Shrimp Crackers
(baht/kg)
Separator 46.27
Hand 66.00
Enzyme(bromelain) 48.58

Results from Table 4.10, the costs of shrimp crackers made from the

pulp separated by hands were 66.00 baht/kg, and 48.58 baht/kg from the pulp



separated with enzyme. The shrimp crackers made from the pulp separated with

meat/bone separator gave the cheapest cost at 46.27 baht/kg.

4.6 Discussion

The results of the study on production of shrimp crackers from pulp of black

tiger prawn (Penaeus monodon) head could be discussed as follows:

4.6.1 During the delivery of shrimp head from the frozen seafood industry; it
must be kept at low temperature in box with ice to prevent the spoilage Then, pulp
should be separated within one day. If shrimp heads are kept for only a couple of days,
they become black. In addition, shrimp pulps should be kept at -20 to -25 °C in

freezer to prevent spoilage, too.

4.6.2 Shrimp pulp separated by meat/bone separator contained small pieces of
legs, eyes, jaws and carapaces. So shrimp cracker made from the pulp may effect

texture of cracker.

4.6.3 Shrimp head extracted from the method using bromelain was solution. It
was boiled as hot water to mix with flour in a step to make pregelatinized dough.

Therefore, 1t was used to substitute some hot water in this step.

4.6.4 Shrimp pulp cost at 15.12- 49.13 baht/kg was probably suitable to use as

an ingredient of shrimp cracker because its cost was cheaper than whole body shrimp.

4.6.5 The production of shrimp pulp which yielded 175-740 g/kg shrimp head
could reduce amount of waste of the head about 17.5-74.0 % total head weight.
Additionally, the head separated from pulp production can be used as raw material to

produce chitin and chitosan.
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4.0.6 The cost of shrimp crackers in all methods in the present study were
cheaper than in the improved recipe of Ayudhaya shrimp crackers (Lakleang, 1991)
because an expensive dried.shrimp was used as an ingredient in the Ayudhaya cracker.

Shrimp cracker was made from the pulp which is cheaper than the dried shrimp.

4.6.7 The costs of shrimp pulp and shrimp crackers were the approximate
costs. Although, the costs of shrimp crackers from this study were cheaper than

shrimp crackers in markets, they did not include delivery cost.

- 4.6.8 The production of shrimp pulp and shrimp crackers in this study may be
made by people or groups of cooperatives living near the frozen shrimp industry
because of a large amount of cheap shrimp head. The products of this study are low
cost with nutritive value. Besides, the exoskeleton of shrimp head passed the pulp

separating may be collected to be raw material in the production of chitin industry.

4.6.9 The production of shrimp pulp and shrimp crackers in this study may be
developed or changed to suit for the environments e.g. using rice flour instead of

wheat flour, and the slices of cracker dried by sun-dried.



CHAPTER V
CONCLUSION AND RECOMMENDATION

5.1 Conclusion

In the study on, the production of shrimp crackers from the pulp of black tiger

prawn (Penaeus monodon) head, the results can be concluded as follows.

5.1.1 Production of Shrimp Pulp

(1) Shrimp pulp from each method had different characters. The pulp separated
with meat/bone separator was reddish, brown, and slurry. The shrimp head extract
from 0.25% bromelain was of reddish, brown solution, and the pulp separated by

hands was small pieces of reddish brown shrimp meat.

(2) The yields of shrimp pulp in the present study were 740 g pulp per kg of
shrimp head using enzyme, 370 g pulp per kg of shrimp head using meat/bone
separator and 175 g pulp per kg of shrimp head using hand picking.

(3) The shrimp pulp separated by hands had the highest protein content at
13.49 %.

(4) The cost of shrimp pulp separated with a meat/bone separator was 15.21
baht/kg which was the cheapest. In addition, the means of sensory evaluation of shrimp
crackers made from this pulp were over 5.00 scores. Accordingly, the pulp separated

by meat/bone separator was suitable to separate shrimp head.

5.1.2 Production of Shrimp Crackers

(1) Shrimp crackers made from shrimp pulp separated by hand was the highest

protein content at 5.65%.



5-2

(2) Most of means of consumer acceptability test passed the standardized test,
they were over a 5 point except the colour of samples from the pulp separated with

enzyme.

(3) The cost of shrimp crackers from a meat/bone separator method was the

cheapest at 46.27 baht/kg .

5.2 Recommendation

The experiment produced shrimp pulp and crackers in a small scale. The results
from this experiment were not complete. Consequently, additional informations is
necessary in order to develop a process for a large scale production of shrimp pulp

and crackers. In addition, there are several recommendation as follows:

5.2.1 As the low cost of shrimp pulp can be used instead of shrimp meat or
whole body of shrimp as an ingredient of shrimp crackers, people living near the
frozen shrimp industry can produce shrimp crackers made from pulp with the low
delivery cost. In addition, they can collect the exoskeleton passed the pulp separating
to be raw material of chitin production. Accordingly, they can use the shrimp head

worthily.

5.2.2 The government should support the community located near this industry
to establish a group or a cooperatives of shrimp crackers production and to find their

market.
52.3 The comparative study on production of shrimp crackers made from
shrimp meat and shrimp crackers made from pulp should be carried out because it is

comparable in nutritive value, sensory evaluation, and cost.

5.2.4 The study on shelflife of shrimp cracker should be carried out.



5.2.5 The study on packaging of shrimp crackers should be carried out.

Further researches recommended are as followed

5.2.6 The study on separation of the exoskeleton from shrimp head before the
deproteinization in the process of extraction of chitin should be carried out to

investigate the reducing of amount of chemicals required.

5.2.7 The study on production of shrimp flavour from shrimp pulp should be

carried out. It may reduce extraction time, cost, and amount of enzyme required.

5.2.8 The study on production of shrimp flavour dehydrated soup from shrimp

pulp should be carried out because it can be a substitute for dried shrimp meat.

5.2.9 The study on production of shrimp balls from shrimp pulp should be

carried out

5.2.10 The study on adding shrimp pulp to extruded snacks containing low

nutritive value should be carried out because it may increase nutritive value.

5.2.11 The study on production of shrimp pulp separated by naturally locally
available enzymes e.g. bromelain from pineapple juice, papain from papaya should be

carried out. It may substitute purified enzymes.

5.2.12 The study on quantity of iodine in shrimp pulp and shrimp crackers

should be carried out. They may be a source of iodine.
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APPENDIX A
Steps of Production of Shrimp Crackers
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Figure 2 A meat/bone separator

Figure 3 Bromelain (powder)
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Figure 6 The shrimp head extract from soaking in bromelain solution



Figure 8 The carapaces of shrimp

Figure 9 Ingredients for the production shrimp crackers
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Figure 10 The cooked doughs on a banana leaf

Figure 11 The cooled doughs from a refrigerator



Figure 12 The cooled dough was cut with a slicer

Figure 13 The dried slices of shrimp crakers
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Figure 14 The fried shrimp crackers
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Results of Analysis of Variance

A-8



Analysis of Variance of Chemical Composition

----- ONEWAY -----
Grp 1| = The separator method
Grp 2 = The hands method
Grp 3 = The enzyme method

Variable ASH
By Variable METHOD

Analysis of Variance for Ash of Pulp

Sum of Mean F
Source D.F. Squares Squares Ratio Prob.
Between Groups 2 0775 0388 5685 5942
Within Groups 6 4092 .0682
Total 8 4867

Multiple Range Tests: LSD test with significant level .05

- No two groups are significantly different at the .05 level

Homogeneous Subsets (highest and lowest means are not significantly different)

Subset 1

Group Grp2 Grp3 Grp 1

Mean 1.0544 1.1020 1.2707



Variable ASH2
By Variable METHOD

Analysis of Variance for Ash of Dried Crackers

Sum of Mean F
Source DF.  Squares Squares Ratio Prob.
Between Groups 2 0294 0147 15.5751 0042
Within Groups 6 .0057 .0009
Total 8 0351

Multiple Range Tests: LSD test with significant level .05

Mean METHOD
2.5850 Grp3

26862 Grp2 *
27194 Grpl1 *

Homogeneous Subsets (highest and lowest means are not significantly different)

Subset 1

Group Grp3
Mean 2.5850

Subset 2

Group Grp 2 Grp 1
Mean 2.6862 27194



Variable ASH3
By Variable METHOD

Analysis of Variance for Ash of Deep-fried Crackers

Sumof  Mean F

Source DF.  Squares Squares Ratio Prob.
Between Groups 2 1356 0678 145.1653  .0000
Within Groups 6 .0028 .0005
Total 8 1384

Multiple Range Tests: LSD test with significant level .05

(*) Indicates significant differences which are shown in the lower triangle

Mean METHOD
1.4820 Grp 3
1.6395 Grp2 *
1.7826 Grp1  **

Homogeneous Subsets (highest and lowest means are not significantly different)
Subset |

Group Grp 3
Mean 1.4820

Subset 2

Group Grp 2
Mean 1.6395



Subset 3
Group Grp 1
Mean 1.7826

Variable CARBOHY
By Variable METHOD

Analysis of Variance Carbohydrate of Pulp

Sum of Mean F

Source DF. Squares Squares Ratio Prob.

Between Groups 2 11.2141  5.6071 24206 1695
Within Groups 6 13.8984 23164

Total 8 25.1125

Multiple Range Tests: LSD test with significant level .05

- No two groups are significantly different at the .05 level

Homogeneous Subsets (highest and lowest means are not significantly different)

Subset 1

Group Grp 3 Grp 2 Grp 1
Mean 1.2776 2.6984 40112
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Variable CARBOH2
By Variable METHOD

Analysis of Variance for Carbohydrate of Dried Crackers

Sum of Mean F
Source DF.  Squares Squares Ratio Prob.
Between Groups 2 2.6764 1.3382 5. 1450‘ 0500
Within Groups 6 1.5606 2601
Total 8 4.2370

Multiple Range Tests: LSD test with significant level .05

(*) Indicates significant differences which are shown in the lower triangle
Mean METHOD
82.1041 Grp3

82.7323 Grp 1
834391 Grp2 *

Homogeneous Subsets (highest and lowest means are not significantly different)

Subset 1

Group  Grp3 Grp |
Mean  82.1041 82.7323

Subset 2

Group  Grpl Grp 2
Mean 82.7323 83.4391
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Variable CARBOH3
By Variable METHOD

Analysis of Variance for Carbohydrate of Deep-fried Crackers

Sum of Mean F

Source DF. Squares Squares Ratio Prob.
Between 2 209767 10.4883  34.6111 .0005
Groups
Within Groups 6 1.8182 3030
Total 8 22.7949

Multiple Range Tests: LSD test with significant level .05
(*) Indicates significant differences which are shown in the lower triangle
Mean METHOD
54.0222 Grp3
569602 Grp2 *
574948 Grpl *
Homogeneous Subsets (highest and lowest means are not significantly different)

Subset 1

Group Grp 3
Mean 54.0222

Subset 2

Group Grp 2 Grp 1
Mean 56.9602 57.4948



Variable FAT
By Variable METHOD

A-15

Analysis of Variance for Fat of Pulp

Sum of Mean F
Source D.F.  Squares Squares Ratio Prob.
Between Groups 2 1.4049 7024 15.3462 0044
Within Groups 6 2746 .0458

Total 8 1.6795

Multiple Range Tests: LSD test with significant level .05

(*) Indicates significant differences which are shown in the lower triangle

Mean METHOD
6668 Grp 2

9410 Grp3

1.6077 Grpl1  **

Homogeneous Subsets (highest and lowest means are not significantly different)

Subset 1

Group  Grp2 Grp 3
Mean 6668 9410

Subset 2

Group Grp 1
Mean 1.6077



Variable FAT2
By Variable METHOD

Analysis of Variance for Fat of Dried Crackers

A-16

Sum of Mean F
Source D.F. Squares Squares Ratio Prob.
Between Groups 2 3043 1521 22716 1843
Within Groups 6 4018 0670
Total 8 7061

Multiple Range Tests: LSD test with significant level .05

- No two groups are significantly different at the .05 level

Homogeneous Subsets (highest and lowest means are not significantly different)

Subset 1

Group  Grp2 Grp 3 Grp 1
Mean 2100 2747 .6283



Variable FAT3
By Variable METHOD

Analysis of Variance for Fat of Deep-fried Crackers

Sum of Mean F
Source D.F.  Squares Squares Ratio Prob.
Between 2 23.5503 11.7752 70.7041 0001
Groups
Within Groups 6 9992 1665
Total 8 24.5496

Multiple Range Tests: LSD test with significant level .05

(*) Indicates significant differences which are shown in the lower triangle

Mean METHOD
36.3850 Grp 1
379500 Grp2 *
403200 Grp3  **

Homogeneous Subsets (highest and lowest means are not significantly different)

Subset 1

Group Grp 1
Mean  36.3850

Subset 2

Group Grp 2
Mean  37.9500



Subset 3
Group  Grp3

Mean 40.3200

Variable MOISTURE
By Variable METHOD

Analysis of Variance for Moisture of Pulp

Sumof  Mean F
Source D.F. Squares  Squares Ratio Prob.
Between 2 11.4878  5.7439 1449891 .0000
Groups
Within Groups 6 2377 0396
Total 8 11.7255

Multiple Range Tests: LSD test with significant level .05
(*) Indicates significant differences which are shown in the lower triangle
Mean METHOD
82.0908 Grp2

829856 Grpl *
848061 Grp3 **

Homogeneous Subsets (highest and lowest means are not significantly different)



Subset 1

Group  Grp2
Mean 82.0908
Subset 2

Group  Grpl
Mean 82.9856
Subset 3

Group Grp 3
Mean 84.8061

Variable MOIST2

By Variable METHOD

Analysis of Variance for Moisture of Dried Crackers

Sum of Mean F
Source DF.  Squares Squares Ratio Prob.
Between Groups 2 1.2505 6252 143026  .0052
Within Groups 6 2623 0437
Total 8 1.5127

Multiple Range Tests: LSD test with significant level .05

(*) Indicates significant differences which are shown in the lower triangle
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Mean METHOD
8.5605 Grp2
8.6335 Grpl
93852 Grp3 **

Homogeneous Subsets (highest and lowest means are not significantly different)

Subset 1

Group  Grp2 Grp 1
Mean 8.5605 8.6335

Subset 2

Group  Grp3

Mean 9.3852

Variable MOIST3

By Variable METHOD

Analysis of Variance for Moisture of Deep-fried Crackers

Sum of Mean F
Source DF.  Squares Squares Ratio Prob.
Between 2 1.3670 6835 13.8028 0057
Groups
Within Groups 6 2971 .0495
Total 8 1.664

Multiple Range Tests: LSD test with significant level .05
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(*) Indicates significant differences which are shown in the lower triangle

Mean METHOD
1665 Grp 2

8696 Grpl *
1.0773 Grp3 *

Homogeneous Subsets (highest and lowest means are not significantly different)

Subset 1
Group  Grp2
Mean 1665
Subset 2

Group Grpl Grp 3

Mean .8696 1.0773

Variable PROTEIN
By Variable METHOD

Analysis of Variance for Protein of Pulp

Sum of Mean F
Source D.F.  Squares Squares Ratio Prob.
Between Groups 2 18.4091 9.2046 8.3938 0183
Within Groups 6 6.5795 1.0966
Total 8 24,9886

Multiple Range Tests: LSD test with significant level .05
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(*) Indicates significant differences which are shown in the lower triangle

Mean METHOD
10.0261 Grp 1

122135 Grp3 *
134896 Grp2 *

Homogeneous Subsets (highest and lowest means are not significantly different)

Subset 1

Group  Grpl

Mean 10.0261

Subset 2

Group  Grp3 Grp2

Mean 12.2135 13.4896

Variable PROTEIN2

By Variable METHOD

Analysis of Variance for Protein of Dried Crackers

Sum of Mean F
Source D.F.  Squares Squares Ratio Prob.
Between 2 4652 2326 1.1668 3732
Groups
Within Groups 6 1.1962 1994
Total 8 1.6614

Multiple Range Tests: LSD test with significant level .05
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- No two groups are significantly different at the .05 level

Homogeneous Subsets (highest and lowest means are not significantly different)

Subset 1
Group  Grp2 Grp 1 Grp 3

Mean 5.1042 5.2865 5.6511

Variable PROTEIN3
By Variable METHOD

Analysis of Variance for Protein of Deep-fried Crackers

Sum of Mean F

Source DF. Squares Squares  Ratio Prob.
Between Groups 2 1992 .0996 5993 5790
Within Groups 6 9970 1662
Total 8 1.1962

Multiple Range Tests: LSD test with significant level .05

- No two groups are significantly different at the .05 level

Homogeneous Subsets (highest and lowest means are not significantly different)

Subset 1

Group Grp 3 Grp 2 Grp 1
Mean 3.0992 3.2813 3.4636
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Analysis of Variance of the Consumer Acceptability Test of Shrimp Crackers

Grp 1 = The separator method
Grp 2 = The hands method
Grp 3 = The enzyme method

Variable COLOUR
By Variable METHOD

Analysis of Variance for Colour

Sum of Mean F

Source DF. Squares Squares Ratio Prob.

Between Groups 2 34.6667 17.3333 6.7826 .0046
Within Groups 24 61.3333 2.5556

Total 26 96.0000

Multiple Range Tests: LSD test with significant level .05

(*) Indicates significant differences which are shown in the lower triangle

Mean METHOD
48889 Grp3
5.5556 Grp 1
75556 Grp2 **

Homogeneous Subsets (highest and lowest means are not significantly different)



Subset 1

Group Grp 3 Grp 1
Mean 4.8889 5.5556
Subset 2

Group Grp 2

Mean 7.5556

Variable CRISP
By Variable METHOD

Analysis of Variance for Crispness

Sum of Mean F

Source DF Squares Squares Ratio Prob.
Between 2 2222 1111 0418 9591
Groups
Within Groups 24 63.7778  2.6574
Total 26  64.0000

Multiple Range Tests: LSD test with significant level .05

- No two groups are significantly different at the .05 level

Homogeneous Subsets (highest and lowest means are not significantly different)
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Subset 1

Group Grpl Grp 2 Grp 3
Mean 6.8889 7.0000 7.1111

Variable FLAVOUR
By Variable METHOD

~ Analysis of Variance for Flavour

Sum of Mean F
Source DF. Squares Squares Ratio Prob.
Between Groups 2 5185 2593 .0921 9123

Within Groups 24 67.5556 2.8148

Total 26 68.0741

Multiple Range Tests: LSD test with significant level .05

- No two groups are significantly different at the .050 level

Homogeneous Subsets (highest and lowest means are not significantly different)

Subset 1

Group Grp2 Grp 3 Grp 1
Mean 5.6667 5.7778 6.0000

A-26



Variable TEXTURE
By Variable METHOD

Analysis of Variance for Texture

Sum of Mean F

Source DF. Squares  Squares  Ratio Prob.

Between Groups 2 6.7407 3.3704 1.2174 3136
Within Groups 24 66.4444 27685

Total 26 73.1852

Multiple Range Tests: LSD test with significant level .05

- No two groups are significantly different at the .05 level

Homogeneous Subsets (highest and lowest means are not significantly different)

Subset 1

Group Grp 3 Grp 2 Grp 1
Mean 5.5556 6.5556 6.6667
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APPENDIX C
The Standard For Chip Or Crackers
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sianfuluifiu 4 46.015

2 wareiidn lala Tifiu 3 Thaenin 3 AOAC (1984)
{Escherichia coli ia 46016
Tneit MPN Aaniumas
Fatin

3 anilaAandAs aniFeq Taiviu 100 faaluiwy AOAC (1984)
(Staphylococous  aureus) 40 46.136 111 4p 46.137
{alaildoniu

4 luean  (Samonella) faalaivu siagliny AOAC (1984)
lusiratine 25 nfu 4a 46.115 4 40 46.127

5 1 Tnlatisansu Tifiu 100 100 AOAC (1984)
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