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ABSTRACT 

Advancement of medical technology and public health services has resulted in 
better overall health and prolonging life of the population globally. As a result a 
greater prevalence of chronic degenerative diseases among the adult population, 
especially elderly groups has been observed. The prevalence of bone fractures related 
to osteoporosis among the elderly has started to increase at an alarming rate. Although 
the causes of osteoporosis are multifactorial, inadequate dietary calcium intake and 
physical inactivity are considered major causes of this disease. Results from previous 
studies indicated that the average calcium intake among Thai population was much 
lower than the recommended value for sustaining bone health. The source of calcium 
was mainly vegetables and fish, with a lower contribution from dairy products. To 
improve bone health, increased dietary calcium intake from daily diet is 
recommended. Therefore, this study aimed to determine the potential calcium sources 
in locally available food in different geographical areas of Thailand as well as to 
develop recipes for high calcium local Thai dishes. Forty five food items (fresh water 
shrimp, dried shrimp, fresh water fish, dried fish, preserved frog and small toad, 
products from dried shrimp and from dried fish) and 35 traditional dishes were 
collected for nutrient analysis from the Northern, Northeastern, Central and Southern 
parts of Thailand. The results showed that the calcium content of the locally available 
food items ranges from 130 to 1200 mg per serving. The prepared dishes with shrimp 
and small edible bone fish as main ingredients contain high amounts of calcium. 
However, several dishes also had high levels of sodium. Ten traditional Thai dishes (2 
recipes for each regional food) were developed as high calcium dishes using crispy 
dried shrimp and blended dried fish as calcium sources by adding or replacing certain 
ingredients. Results from the acceptability test indicated that increasing the calcium 
content to approximately 180 mg of calcium per serving by means of adding, replacing 
and changing some ingredients with high calcium food did not change overall 
appearance, aroma and taste of the dishes. 

This study demonstrates that adequate dietary calcium intake can be achieved 
through the traditional Thai diet. Several locally available food items are considered as 
good sources of calcium and can be used as calcium sources in a number of local 
dishes. More study on the calcium bioavailability of traditional Thai dishes could help 
us better understand the potential health benefit of Thai diet in terms of prevention of 
osteoporosis in the Thai population.  
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บทคัดยอ 
ความเจริญกาวหนาของวิทยาการทางการแพทยและการใหบริการสาธารณสุขแกประชากรสงผลให

ประชากรทั้งโลกมีคุณภาพชีวิตโดยรวมดีขึ้นและอายุยืนยาวขึ้น จึงมีผลทําใหเกิดโรคไมติดตอเรื้อรังเพิ่มมากขึ้น
และมักพบในกลุมประชากรผูใหญโดยเฉพาะผูสูงอายุ ความชุกของภาวะกระดูกหักที่เกิดจากโรคกระดูกพรุนมี
อัตราสูงขึ้นในกลุมผูสูงอายุในอัตราที่นาตกใจ แมวาสาเหตุของโรคกระดูกพรุนเกิดไดจากหลายสาเหตุ แตปจจัยที่
ถือเปนสาเหตุหลัก คือ การบริโภคแคลเซียมไมเพียงพอและการไมออกกําลังกาย ผลจากการศึกษากอนหนานี้ได
ระบุวา การบริโภคแคลเซียมโดยเฉลี่ยของประชากรไทยต่ํากวาคาที่แนะนําสําหรับการคงคุณภาพของกระดูกอยาง
มาก โดยอาหารที่เปนแหลงของแคลเซียมหลักๆจะไดจากผักและปลา สวนผลิตภัณฑจากนมเปนแหลงสําคัญรอง
ลงไป การเพิ่มศักยภาพของมวลกระดูกไดมีการแนะนําใหเพิ่มการบริโภคแคลเซียมจากอาหารที่กินประจําวัน 
ดังนั้นการศึกษานี้จึงมุงที่จะเลือกชนิดอาหารที่มีศักยภาพพอที่จะเปนแหลงของแคลเซียมจากอาหารทองถิ่นในแต
ละภูมิภาคของประเทศไทยเพื่อนํามาพัฒนาสูตรอาหารที่มีแคลเซียมสูง โดยสุมเก็บตัวอยางอาหารมาจากภาคเหนือ 
ตะวันออกเฉียงเหนือ กลางและใตเพื่อวิเคราะหปริมาณสารอาหารโดยเฉพาะแคลเซียม โดยแบงเปนชนิดอาหาร 45 
ชนิด (กุง, สด, กุง, แหง, ปลา, สด, ปลา, แหง, กบ, แหง, เขียด, แหง, ผลิตภัณฑจากกุงแหงและปลาแหง) และ
อาหารทองถิ่นที่ปรุงสําเร็จ 35 ชนิด ผลการวิเคราะหพบวาชนิดอาหารที่นํามาวิเคราะหมีปริมาณแคลเซียมระหวาง 
130-1200 มิลลิกรัมตอหนึ่งสวนของปริมาณอาหารที่บริโภค สําหรับอาหารปรุงสําเร็จที่มีสวนประกอบหลักเปนกุง
และปลาตัวเล็กที่กินไดทั้งกระดูกจะมีปริมาณแคลเซียมสูง แตก็จะมีปริมาณโซเดียมสูงเชนกัน ตํารับอาหารทองถิ่น
ทั้ง 10 สูตร ที่นํามาพัฒนาใหมีแคลเซียมสูงโดยใชกุงแกวปนและปลาปนเปนแหลงของแคลเซียม โดยเพิ่ม แทนที่
และปรับเปลี่ยนสวนประกอบบางสวนใหเปนตํารับอาหารที่มีปริมาณแคลเซียมสูงโดยประมาณ 180 มิลลิกรัมตอ
หน่ึงสวนของปริมาณอาหารที่บริโภค เมื่อนําไปทดสอบการยอมรับเบื้องตนพบวาไมมีผลตอการยอมรับโดยรวม
ทั้งในแงของลักษณะปรากฏโดยรวม กลิ่นและรสชาติของอาหารนั้นๆ เมื่อเทียบกับตํารับดั้งเดิมกอนการดัดแปลง 

การศึกษานี้แสดงใหเห็นวาเราสามารถบริโภคแคลเซียมไดเพียงพอโดยการบริโภคจากอาหารทองถิ่น
ของไทย ชนิดอาหารหลายชนิดจากแตละทองถิ่นเปนแหลงที่ดีของแคลเซียม และยังสามารถนํามาใชเปน
สวนประกอบของอาหารเพื่อเพิ่มคุณคาทางโภชนาการของแคลเซียมในอาหารของแตละทองถิ่นของไทยได 
การศึกษาเพิ่มเติมในสวนของการนําแคลเซียมไปใชประโยชนในรางกายของอาหารทองถิ่นที่ไดรับการพัฒนาแลว
จะชวยใหเขาใจถึงศักยภาพของอาหารไทยที่มีผลดีตอสุขภาพในแงของการปองกันโรคกระดูกพรุนในคนไทย 
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CHAPTER 1 

INTRODUCTION 

 

 

        Development of medical and public health result in long life of population the 

entire world, including Thai population. The mean life expectancy at birth of the Thai 

population is gradually increasing, the average of male and female in the year 2005 

increased from those in 1980, i.e., from 62.6 and 68.1 to 68.4 and 72.8 years, 

respectively (1). It is generally perceived that the serious consequences of osteoporosis 

are fractures in the elderly, most frequently occur in the vertebrae, hip and wrist. 

Spinal fractures can result in significant morbidity whereas hip fractures result in 

substantial high morbidity and mortality. It has been estimated that 1.7 million hip 

fractures occur annually around the world, with one third in Asia (2). The age-adjusted 

hip fracture rates among Thai men and women were 61% and 50%, respectively, of 

that among white American men and women (3).  It is better prevented than treated 

and prevention includes an adequate intake of calcium throughout life.  

        The primary prevention of osteoporosis is to maximize peak bone mass during 

childhood and adolescent period as well as maintain bone mass in later year of life by 

promotion of protective factors such as lifestyle changes as well as maintaining dietary 

calcium intake at the recommended value. 

        The current Thai Recommended Daily Intakes (Thai RDI) of calcium is 800 

mg/day (4). Results from several surveys among Thai population indicated that the 

majority of Thai adults consumed low dietary calcium than the recommended value. 

Piaseu reported that among 396 healthy Thais aged between 20-80 years old living in 

Bangkok and surrounding districts had mean daily calcium intake of 361 mg (5). A 

study in 274 healthy Thai children and adolescents from public schools, aged 9-18 

years, had mean daily calcium intake of 650 mg (6). Dietary calcium intake in 129 

Thai women, 50-84 years in Khon Kaen are 312 mg/day (7). Moreover, the fourth 

National Nutrition Survey by Ministry of Public Health in 1995, using inventory 
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technique to calculate the family-food composition in 4 districts of Thailand, found 

that the average daily calcium intake of Thai people was 344.4 mg (8) which is lower 

than the recommended value. 

        In general, milk is an important calcium source and is also efficiently absorbed by 

most people (9, 10). However, more than 90% of Thai population is lactose intolerant 

(11). In addition, contribution of calcium food in Bangkok adults from milk (18%), 

vegetable (17%) and fish (15%) (5). A report from a study of bone mineral density and 

its related factors among adults, aged 20-80 years in rural, Khon-Kaen, found that the 

source of calcium in this study population came from rice (41%), fish (26%) and small 

animals (16%) (7), so dairy and dairy products are not the main calcium source of 

people.  

        Thailand is an agrarian society, an abundance of foods from plants and animals 

that are good sources of dietary calcium and vary according to climate, for example, 

local vegetables and herbs e.g. Indian mulberry leaves, wild betal leaves, cassia leaves, 

ya-nang leaves, hairy basil leaves (12) or economical vegetables e.g. kale, mustard, 

chinese cabbage (4). Eventhough, some plants and vegetables contain fiber and 

oxalate that can decrease calcium absorption, Heaney, et al. studied calcium 

absorption by an in vitro (in rat and in human) method using intrinsic calcium 

labeling, found that calcium absorption and bioavailability from Brassica e.g. kale, 

cabbage, mustard and broccoli were satisfied when compared with milk (13, 14). In 

addition, finfish and aquatic animals in both fresh and preserved products e.g. pla 

kaew, dried, small carp, rasbora and shrimp (4) not only are good source of calcium, 

but also salty that no data of sodium content which is may cause an increment of 

calcium loss through the urine.  

        Promoting the diet that are high in calcium for all people which according to 

eating habit and availability in each region bring to the research questions that the 

major sources of dietary calcium available in regional diet, dietary calcium obtained 

from the regional diet and recipes developed to be high-calcium Thai dishes by using 

available calcium sources. 
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CHAPTER 2 

OBJECTIVES 

 

 

General objective 

 
        To develop Thai recipes to be high-calcium diet and analyze nutritive quality. 

 

Specific objectives: 

 

1. To analyze the calcium content and other nutrients in locally available food 

sources as well as in local dishes from 4 different geographical areas of Thailand 

         2. To develop the recipe of high calcium Thai dishes  

 

Significance of the study 

 
        Since osteoporosis is a multifactorial disease, various approaches must also be 

under taken to lessen the consequences of the disease. Preventive strategies for the 

reduction of osteoporosis, including dietary changes and moderate lifestyle 

modifications especially improving physical activity, are encouraged in several group 

of population (15). This work attempted to develop healthy high calcium Thai diet 

includes regional diet by using an approach of food to food fortification and food 

diversification.  

        Results obtained from this study can be used as a baseline information to health 

personal as a guideline for nutrition education, program planning to improve calcium 

status and prevention of osteoporosis of the community. 
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CHAPTER 3  

LITERATURE REVIEW 

 

 

3.1 The Significance of Calcium  

        Calcium is the most abundant mineral in the human body and most ubiquitous 

mineral ion. It plays two major physiological roles both structural and functional in the 

body. In the role of structural component, calcium combines with phosphorus to 

comprise mineral portion of bone and teeth and with phospholipids and proteins, 

where it plays an essential role in maintaining the integrity of cell membranes. In 

another role, extra-cellular fluid and cytosol, it has a variety of biochemical and 

physiological process, including neuromuscular excitability, blood coagulation, 

transfer of other inorganic ions across membranes, hormone secretion, release of 

cellular enzymes, signal transaction, and reproductive functions such as sperm motility 

and fertilization of the ovum. Moreover, calcium interacts with sodium, potassium and 

magnesium to maintain a steady heartbeat (16). 

 

3.2 Food Sources of Calcium 

        The best food sources of calcium include milk, cheese, ice cream, yogurt, tofu, 

salmon, sardines (with bones), clams, oysters, turnip and mustard greens, broccoli, 

kale, legumes, and dried fruits. Meats, grains, and nuts tend to be poor sources of 

calcium (17). 

 

3.3 Calcium Digestion  

        Calcium is present in foods, and dietary supplements, as relatively insoluble salts. 

Because calcium is absorbed only in its ionized (Ca2+) form, it must first be released 

from the salts. Calcium is solubilized from most calcium salts in about 1 hour at a 

mildly acidic pH. Solubilization, however, does not necessarily ensure better 

absorption, because within the more alkaline pH of the small intestine, calcium may 
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complex with minerals or other selected dietary constituents. Formation of these 

complexes in the small intestine may limit calcium bioavailability (17). 

 

3.4 Absorption of Dietary Calcium  

        There are two routes of calcium absorption in the intestine. 

        1. Active transport, saturable, trancellular route   that occurs mainly in the 

duodenum and proximal jejunum. It is regulated by vitamin D and involves a vitamins 

D-dependent calcium-binding protein (CaBP). Calcium is pumped out of the 

enterocyte into the blood by an adenosine triphosphate (ATP)-dependent pump. Active 

calcium absorption is affected by, calcium and vitamin D status, age, and 

physiological status of host i.e. pregnancy and lactation (18). 

        2. Passive diffusion, nonsaturable, paracellular route that is independent of 

vitamin D regulation and occurs throughout the small intestine. The amount of 

calcium absorbed in this route depends primarily on its quantity and availability in the 

diet. Intakes above as little as 3 mmol (120 mg) in a meal will probably be absorbed 

by this route (19). 

        Net calcium absorption from both routes is about 25-35 %  

        The large intestine also appears to play a role in calcium absorption. Bacteria in 

the colon may release calcium bound to some fermentable fibers such as pectins. Up to 

4% (or 8 mg) of dietary calcium is absorbed by the colon per day; this amount may be 

higher in people who are absorbing less calcium in the small intestine. 

        Although calcium absorption varies among people because of the several factors 

just discussed, absorption in adults averages about 30% with a 200 mg calcium intake; 

other studies report calcium absorption in the range 20-50%. Recker reported 21-26% 

absorption of calcium from whole, chocolate, and imitation milk, yogurt, cheese, and 

calcium carbonate supplying 250 mg calcium. Sheikh reported an average of 31% 

absorption of calcium from milk providing 250 mg calcium (17). 

 

3.5 Calcium Bioavailability   

        3.5.1 Dietary Components That Affect Calcium Absorption  

        Some green leafy vegetable and fruit have high calcium content. However, some 

plant component decrease calcium absorption. 
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        A. Phytate  

        Calcium bioavailability is affected by the phytate content of several plant foods. 

Although increased intake of unrefined cereals or cereal brans reduces calcium 

absorption in the short term, long-term effects have not been systematically examined. 

For many years it was thought that feeding whole-wheat products to humans resulted 

in a negative calcium balance and that this was due to the phytate, which binds 

calcium and makes it unabsorbable. Although calcium phytate per se is not absorbed, 

phytate is at least partially digested in the lower intestine, allowing calcium ions freed 

form the complex to be absorbed (20). 

        In 2001, Harrington et al.  studied effects of dietary fiber extracts on calcium 

absorption in the rat. The results suggest that calcium absorption is not affected by 

fiber components and that the reduction in calcium absorption observed with wheat 

and wheat-TDF fibers is due to their phytate contents (21). 

        In 2001, Siener et al. studied Ca-Binding Capacities of different Brans under 

Simulated Gastrointestinal pH conditions. In Vitro study with 45Ca. The results 

suggest that insoluble dietary fiber has effect on legume bran and soluble phytate has 

effect on cereal bran (phytate rich) (22). 

        B. Fiber  

        Another plant component, diverse dietary fiber molecules, also influences 

calcium bioavailability. Evidence now exists that fiber itself impairs calcium 

absorption. Fiber in fruits and vegetables has little effect on mineral bioavailability, 

but whole grain cereal fibers have a greater effect. Thus, the soluble or gel-

formingfibers in fruits and vegetables affect mineral absorption less than do insoluble 

fibers, which predominate in cereals, including cellulose, lignans, and some 

hemicellulose (20). 

        In 1997, Coudray et al. studied effect of soluble or partly soluble dietary fibers 

supplementation on absorption and balance of calcium, magnesium, iron, and zinc in 

healthy young men, by using a chemical balance technique. Found that ingestion of 

inulin significantly increased the apparent absorption and the balance of calcium. 

Sugar beet fiber ingestion resulted in a significant increase in calcium intake and 

balance. So addition of the 2 experimental fibers to normal mixed diets can improve 

calcium balance without adverse effects on other mineral retention (23). 
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C.  Oxalates 

        Some vegetables, such as spinach and rhubarb, contain large amounts of oxalate, 

which binds calcium. Although these vegetables contain significant amounts of 

calcium, the presence of oxalate significantly reduces the bioavailability of calcium 

from these food items. However, recent evidence suggests that oxalates alone cannot 

completely explain the poor absorption of calcium from spinach. A study of the 

combination of milk and calcium oxalate ingestion in humans showed that oxalate did 

not interfere with absorption of calcium from milk. The amounts of oxalate typically 

ingested are not sufficient to effectively lower the overall calcium absorption (20). 

        In 2000, Savage et al.  studied effect of cooking on the soluble and insoluble 

Oxalate content of some New Zealand Foods. The results show that cooking reduces 

the oxalate content of the food by leaching losses into the cooking water (24). 

        In 2004, Kamchan et al. studied the bioavailability of calcium in plant sources 

and the presence of some in situ calcium inhibitory factors. Compared to milk powder, 

which contains 25 mgcalcium/100g, five out of eleven vegetables had higher calcium 

dialysability (25%). High levels of dialyzable calcium (20-39%) were found in kale, 

celery, collard, pak-chee-lao (Anethum graveolens L.), Chinese cabbage and soybean 

sprouts. These vegetables contained low levels of dietary fiber, phytate and oxalate. 

Medium levels of dialysable calcium (11-18%) were found in Indian mulberry and 

sesbania leaves, both of which had medium levels of oxalate (290-580 mg/100g). 

Medium levels of dialyzable were also found in young and mature cooked soybean 

seeds, both of which had low levels of oxalate and medium levels of phytate (290-400 

mg/100g). Pak-paw (Polygonum odoratum Lour.), amaranth, wild betal and white and 

black sesame seeds contained low dialyzable calcium (2-7%) with high level of 

oxalate (680-2620 mg/100g). Sesame seeds also contained high levels of dietary fiber 

and phytate. The presence of inhibitory factors, especially oxalate, at high or medium 

levels could limit the calcium bioavailability of plant foods (25).  

        In 2000, Kennefick and Cashman studied the availability of calcium from semi-

synthetic meals and model food systems by an in vitro method using equilibrium 

dialysis after simulating gastric digestion. Twelve different food components (phytate, 

oxalate, wheat-fiber extract and barley-fiber extract, D-sorbitol, xylitol, galactitol, 

casein, three different casein phosphopeptide preparations, and lactose) were added to 
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the semi-synthetic meal and their effect on the relative index of availability of  45Ca 

was studied. Phytate, oxalate, wheat fiber-extract and barley fiber-extract, and, 

surprisingly, casein had a negative effect on availability of calcium (26).   

        Almost of these studies found that phytate, dietary fiber and oxalate had adverse 

effect on calcium absorption.      

        3.5.2 Dietary Components That Affect Urinary Calcium Excretion 

        The bioavailability of calcium is dependent on both the absorption of calcium by 

the gut epithelial cells and by the retention of calcium by the body. The latter process 

is regulated primarily by the urinary excretion of calcium, which can be affected by 

dietary intakes of protein or phosphorus. 

        A. Protein 

        Calcium bioavailability is also affected by dietary protein. Usually protein does 

not affect calcium absorption, but protein can enhance calcium absorption when the 

calcium intake is in the range of 800-1400 mg/day. 

        In contrast, protein can markedly affect the renal handling of calcium. Increased 

dietary protein increases urinary calcium excretion. For every gram of protein 

metabolized, there is an incremental loss of 1 mg of calcium in the urine. This loss is 

probably due to the excretion of sulfate resulting from the metabolism of sulfur-amino 

acids. Therefore, the loss of calcium in the urine is greater for meat protein than for 

dairy protein, whereas vegetable protein produces the smallest increase in urinary 

calcium excretion. 

        B. Phosphorus 

        Under normal dietary conditions phosphorus also does not affect calcium 

absorption. In contrast to protein, increasing dietary phosphate (P) reduces urinary 

calcium excretion. Protein and phosphorus affect the renal handling of calcium. Thus, 

foods high in protein that also have a large phosphorus content would have a less 

severe effect on the calcium balance. Since dairy products have high levels of protein, 

calcium, and phosphorus, increased dairy protein consumption may have a net positive 

effect on the calcium balance, even though dairy products have high levels of protein. 

        3.5.3 Dietary Regulation of Renal Calcium Handling 

        In addition to hormonal regulation of renal calcium extraction, the nutritional 

state of an individual also may alter the handling of calcium by the kidney. In addition 
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to a modest effect of calcium intake on calcium excretion, there are also effects of 

other nutrients, including vitamin D, sodium, and protein (20). 

        A. Regulation by Dietary Calcium 

        The minimal changes in renal excretion of calcium occur when the calcium intake 

is altered. In humans, only 6%-8% of the change in dietary intake of calcium will be 

reflected in the urinary excretion. 

        The other nutritional regulation has clearly and not clearly been shown to be 

associated with hypercalciuria. In this study, we concerned to the sodium content. 

        B. Effect of Dietary Sodium 

        As would be assumed by the parallel reabsorption of sodium and calcium along 

several sites of the recent tubule, sodium intake, and thus excretion, will also directly 

influence calcium excretion. This effect is seen with chronic sodium loading, but is not 

well demonstrated in studies of acute sodium loading using infusions of isotonic 

saline. Studies in humans have shown an increase in urinary calcium excretion 

approximately 0.6 mmol per 100 meq increase in urinary sodium. This effect may be 

related to an increase in the filtered load of calcium. The mechanism for the increased 

filtered load of calcium with increased dietary sodium in normal humans may result 

from enhanced PTH (parathyroid hormone) secretion and hence, increased 

1,25(OH)2D formation and intestinal calcium absorption. Again, renal stone patients 

may have an increased sensitivity to the hypercalciuric effect of sodium intake. In fact, 

a recent study has shown a correlation between sodium excretion and decreased bone 

mass in patients with absorptive hypercalciuria, suggesting a role for dietary sodium in 

the pathogenesis of hypercalciuria in this group of patients. 

        In summary, variations in oral calcium intake result in only a limited change in 

calcium excretion due to regulation at the level of intestinal absorption. Other dietary 

influences such as decreased Pi intake, or increased intake of dietary acid, glucose, and 

sodium modulate renal calcium handling and result in increased calcium excretion.  

 

3.6 Calcium Deficiency  

        The most dramatic symptoms of calcium deficiency are manifested in the bones 

and teeth of the young of all species. Such a deficiency during the growth period is 

evidenced in one or more of the following ways: 
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        1. Stunting of growth. 

        2. Poor quality bones and teeth. 

        3. Malformation of bones-rickets. 

        The clinical manifestations of calcium related diseases are rickets, osteomalacia, 

osteoporosis, hypercalcemia, tetany, and renal calculi, or kidney stones (16). 

  

3.7 Osteoporosis  

        Osteoporosis is a condition associated with a loss in bone density and bone mass 

and is primarily found in middle-aged and elderly women. Its major symptom is an 

increased vulnerability to bone fractures. The most effective way of preventing or at 

least minimizing the extent of osteoporosis is an adequate calcium intake throughout 

life, combined with adequate exercise; thus the nutritionist’s interest in osteoporosis is 

firmly focused on calcium. 

        The bones of the skeletal are “remodeled” throughout life, a process involving the 

breakdown of existing bone and formation of new bone in a perpetual cycle that 

affects 10% of the skeleton at any one time. When existing bone is being broken 

down, calcium is resorbed into the blood plasma; however, plasma calcium must be 

deposited in the new bone during its phase of mineralization. In young people in good 

health the rate of calcium reabsorption equals that of bone formation. As people age, 

however, reabsorption begins to predominate over bone formation, eventually 

resulting in osteoporosis. In osteoporosis the total amount of bone is reduced, but the 

remaining bone is of normal composition and quality (27). 

        In 2000, Thongdonthaon studied dietary calcium intake and other lifestyle factors 

especially physical activity affecting bone mass in 274 healthy Thai children and 

adolescents from Samsen and Phayathai Schools, Bangkok, Thailand aged 9-12 years. 

She found that the mean daily calcium intake of these groups was 511 mg. Moreover, 

physiological factors (age, sex, puberty, weight and height) were the major 

determinant on bone mass. Calcium intake and weight bearing activity were associated 

with bone mass at different sites especially in subjects whose usual calcium intake and 

time spent for weight bearing activity were above their mean. Therefore, maximizing 

peak bone mass can be achieved in these children with proper weight, adequate 
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calcium intake and moderate physical activity during the optimum time of bone 

growth (28). 

        In 1994, Piaseu studied calcium and bone status of the urban Thai population, the 

sources and amount of calcium intake in 396 healthy Thais (153 men, 243 women), 

age 20-80 years. She found that the mean of daily calcium intake was 361 mg. 

Majority of the subjects (67 %) consumed less than 400 mg calcium/day and 31 % 

consumed between 400-800 mg/day whereas only 2 % of the subjects had a calcium 

intake of more than 800 mg/day. These groups consumed calcium from milk 

amounting to 46.9, 28.7 and 12.7 % of their total daily calcium intake, respectively. 

Calcium food in Bangkok adults from milk, vegetable and fish was 18, 17 and 15 % of 

daily calcium intake. Moreover, the role of calcium intake on the changes of bone 

mineral content (BMC) in the middle age group (30-49 years) was not evident. 

However, there were positive relationships between calcium intake and BMC in young 

adults (20-29 years) and old age groups (60-80 years). It was shown that changes in 

calcium intake affected bone status of the young adults and elderly (5). 

        In 2003, Phaitrakoon studied the relationship between calcium intake, exercise 

and bone mineral density in the first five postmenopausal years in Thai women. The 

population in this study was 133 menopausal women aged between 44-57 years, who 

had Bone Mineral Density (BMD) examined at the Nuclear Medicine Department of 

Phramongkutklao Hospital. The results showed that the dietary calcium intake had a 

positive relationship with BMD (r = 0.258, p = 0.003). Total calcium intake, calcium 

intake of milk and milk products in the normal group, the osteopenia group and the 

osteoporosis group showed significantly different distribution (p = 0.002). Exercise 

had a positive relationship with BMD (r = 0.238, p = 0.006). Total energy of activities 

and energy expenditure in moderate sport or leisure activities of the normal group, the 

osteopenia group and the osteoporosis group showed significantly different 

distribution (p = 0.002 and 0.046). The influencing factors of low bone mineral density 

were total dietary calcium intake < 400 mg/d, consumed calcium in milk < 200 mg/d 

and total energy of activities < 200 kcal/d (OR = 2.306, 4.152 and 1.935, respectively; 

p < 0.05) (29). 

        In 2003, Pongchaiyakul et al. studied effects of physical activity and dietary 

calcium intake on bone mineral density and osteoporosis risk in 129 rural Thai 
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women, age 50-84 years. He found that the average dietary calcium intake was 236 

mg/day. Approximately 98 % and 90 % of subjects had dietary calcium intake levels 

less than 800 and 400 mg/day, respectively. Moreover, the major sources of dietary 

calcium intake in Thai population were from rice (40%) and fish (27%) with dairy 

products accounting for only 5 % of total calcium intake (unpublished data, V. 

Kosulwat.).  

        From these study found that majority of Thai population consumed dietary 

calcium lower than the recommended value. Moreover, the major sources of dietary 

calcium intake were from rice, fish and vegetable, less from milk. So, this study aimed 

to identify locally available calcium source in different region of Thailand as well as 

recipe development that is high in calcium. 

 

3.8 Characteristics of Thai Cuisine 

        Thailand is a country in Southeast Asia. Foods of Southeast Asian countries do 

not all look alike or have the same tastes. Thai foods are unique because a great 

variety of spices and herbs especially the freshens foods industry are used in their 

preparation.         

        Thai foods, like other Southeast Asian foods, rely on rice, coconut milk, meat, 

pork, beef, chicken, freshwater fish, seafood and vegetables. Each meal consists of 

two or three different kinds of main dishes. Each dish has different taste (hot, salty, 

sweet, or mild) and different color. 

        Whenever people say Thai food, they often think of food from central Thailand 

around Bangkok. Thais have different colorful cuisine from each region: North, 

Northeast, East and South. Thai food has wide contrasts in color and texture, spicy, 

salty, sweet and moderate tastes depending on the region (30).  

        A. Food Culture of The North  

        Sticky rice is a staple food of North.  The favorite tastes are moderate such as 

spicy, salty, sourness and not sweet. Northern dish comprised of pork, chicken and 

fish.  For rural area, people commonly consumed frog, toad and bullfrog.  

        Almost of Northern dish are Kaeng such as Kaeng Kae (Meat soup with assorted 

of vegetable) , Kaeng Nhoa Mai sod (Bamboo shoot soup), Kaeng Oom Neua (Meat 

curry), Kaeng Ka-Noon Oon (unriped jackfruit soup with spare ribs), Kaeng Cha-Om 
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(Acacia pinata soup), Kaeng Pak Kad Jor (Sour soup with Chinese cabbage) and 

dipping such as Nam Prik Oong (Northern style tomato dip with pork), Nam Prik 

Noom (Northern style chili dip) and Nam Prik Pla Ra (Fermented fish dip). 

Accompaniment vegetable was available in the region. Common method of cooking 

are boil, Kaeng, grill, roast. Fat content are less in Northern dish (31). 

        Kongsukwiwat et al. (32) studied Northern food at Mae Ta, Chiang Mai. She 

surveyed the attitude and characteristic of locally food from 199 interviews, age 11-60 

years. She found that the popular dish was Kaeng Ka-noon (unriped jackfruit soup 

with spare ribs) and followed with Kaeng Kae (meat soup with assorted vegetables) 

and Jor Pak Kad or Kaeng Pak Kad Jor (sour soup with Chinese cabbage) 

        B. Food Culture of The Northeast  

        Sticky rice is a staple food of Northeastern dish. It is spicy, salty and sourness. 

Meat dish are made of beef, fish and locally animal. Because of they are no fed pig in 

the past, so dish made of pork are less. Source of food can classify into 2 groups are 

buying from market that is lifestyle of urban area such as Kai Yang (roast chicken), 

Lab (spicy minced meat), Som Tam (papaya salad) and Pla Too Tod (fried short 

bodied mackerel) and in the nature that is lifestyle of rural area such as frog, toad, 

bullfrog, chameleon and any kinds of insects. 

        Common method of cooking are boil, kaeng, grill and roast. Fat content are less 

in Northeastern dish. Accompaniment vegetable was available in the region that eats 

with dipping dish (31). 

        Tammawat (33) surveyed food consumption conditions of Isan (Northeastern) 

people from data concerning conditions from urban and rural communities in the areas 

of Maha sarakham, Kalasin, and Mukdahan provinces and to examine particular local 

characteristics of food consumption of Isan people. From the survey study, 126 recipes 

for folk food with local characteristics are related, considering from natural products 

cooked and methods of cooking and seasoning food according to the local values. The 

food consumption characteristics which are related to social, cultural, and 

environmental factors as below. 

        1. In the rural area, fertility of such food as rice, vegetables, fruits, fish, meat and 

insects depends on fertility of water and forests. Main food in the rural area includes 
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glutinous rice, vegetables, fish and pla ra (fermented fish) that come seasonally in 

rotation. 

        2. In the urban area, well-to-do and well-educated consumers, have adopted 

characteristics of consumption from food, Pla ra is only an ingredient, not the main 

food. 

        For the particular local characteristics of food consumption of Isan people include 

the followings, Firstly, consumption has social roles. Secondly, folk Isan food contain 

values of herbal medicines. Thirdly, contain high nutritional value. Fourthly, food 

preservation and food seasoning of Isan people to have tastes, smells, and colors 

attract consumers. 

        Uttamawaetin (34) studied the eating habit of Northeastern in Kalasin province. 

He found that food source came from nature, agricultural, peripheral area of home and 

shop. The favorite food were fish, small land animal, aquatic animal and insect. A few 

of beef, pork, duck and chicken on festival. Staple foods were sticky rice, fish and 

vegetable. Pla Ra, fish sauce, monosodium glutamate and chili, ground were necessary 

seasoning. The favorable of taste were spicy and bitter. Most of food of after pregnant  

women was salty food because they believe that salt make uterus to stable. Method of 

cooking was uncomplicated such as steamed, grilled, roasted, blanched and boiled. 

        Mukkatapan et al. (35) studied eating behavior and nutritional status of laborer in 

the rural area of northeast by cross sectional study at Shum Pae, Khon-Kaen found that 

food source of them came from agriculture, fishing, finding insect and buying. The 

common method of cooking was a simple method such as boiled, grilled, blanched. 

Staple food was sticky rice. Most laborers did not like to drink milk. They prefer raw 

food such as pla ra (fermented fish), jaw bong (fermented fish dip), koy kung (semi 

cooking shrimp) and koy neua (semi cooking beef). 

        C. Food Culture of The South  
        Rice is a staple food of South.  Almost of side dish are Kaeng which comprised of 

hot, spicy, sour and salty. Even though the south is a lot of coconut, but they not favor 

use of coconut milk curry. Most of Southern dishes are composed of fish and marine 

product using of pork, duck and chicken were less. Accompaniment vegetable (Pak 

Nhoa) in South which for relieve hot, spicy and salty taste of dish such as cucumber, 

Sa-to (Parkia speciosa) (31). 
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        Sorajjapan (36) studied local southern food in 423 food by 597 interviewers. From 

interview can classify food into 236 side dish (97 kaeng, 63 stir-fried, salad, 34 

accompaniment dish, 43 dipping), 149 dessert which almost of them are steamed and 

38 snack. Found that most side dish were popular (54.14%), nearly to lost dish 

(43.99%) and lost side dish (11.40%). For snack, found that most snack were popular 

(50%), nearly to lost dish (44.73%) and lost dish (5.26%). 

        D. Food Culture of The Central Thai  
        The staple food of Central is rice that comprised of variety of side dish. Central 

dish are composed of several spice and herb that made it colorful. Chinese dish 

influence Central dish such as stir-fried, steamed and soup. Also Indian dish influence 

Central dish in form of spice and curry with milk that replace with coconut milk (31). 

        Chatamphaiwong et al. (37) studied local central dish at Ban Tha Kwai, Ang 

Thong. She found that eating behavior of people at Tha Kwai like to eat rice. 

Vegetable came from nature, agriculture and market. Meat such as pork, chicken, 

seafood and fresh water fish. Taste of food were spicy, salty, sour and sweet. Taboo of 

food such as bamboo not suitable for the sick, after pregnant women shouldn’t eat Pla 

Too because itching, pregnant women shouldn’t eat banana because it was hardly to 

gave the birth. Lactating women should eat Liang Hua Plee and Liang Tam Leng 

because make a lot of milk to hers. The kind of food can classified in to side dish 

(kaeng, soup, stir-fried, salad, accompaniment and dip) and snack. 

        Samittasiri et al. (38) studied the factors influencing cultural food habits among 

working women in Bangkok: case studies on Silom area and government enterprises 

by descriptive analysis. Most of them had 3 main meals, breakfast, lunch and dinner. 

The most popular breakfast was rice with side dish followed by western style breakfast 

(milk, tea or coffee and bread) and porridge. Half of the respondent bought their meal 

from food shop near the office. Less than 20 % cooked their own foods. Have a lunch 

at their office or food shop near the office and a little for vendor. Half of them had 

dinner with their family at home that by buying or preparation by a housewife. Twenty 

percent was cooked by hers. Almost half of them had dinner with friends and family. 

Believes of eating behavior of them were high quality must high cost and chicken soup 

provided healthy. For nutritional knowledge in case of calcium found that they 

consumed calcium approximately 50% of the recommended value. 
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        In 2002, Maruekin combined qualitative and quantitative survey design in which 

interviews were conducted among 595 Thai adults from five regions, including 

Bangkok, to obtain a list of commonly consumed Thai dishes. In-depth interviews 

with Thai food experts were also conducted. Twelve selected Thai side dishes were 

evaluated to develop their recipes and to suggest serving sizes by modified descriptive 

analysis technique. Finally, the nutritive values of each developed Thai side dish and a 

calculation of the nutrient composition of rice combined with Thai side dishes were 

determined. Thai side dishes with moderate calcium content were a combined set of 

Nam Prik Kapi (shrimp paste dip), Kaeng Liang (Thai style vegetable soup) and a 

combined set of Nam Prik Ma-Kam Sod Pad (stir-fried fresh tamarind dip without 

pork) (165, 128 and 121 mg/serving, respectively). Thai side dishes combined with 

one serving of cooked rice gave a good energy distribution of protein, fat and 

carbohydrate with appropriate level of mineral and dietary fiber except some vitamins 

(39). 

        Nutrition division, Ministry of Public Health (MOPH) (40) presented 21 high-

calcium Thai menus which shown ingredients, preparation, method and nutritive value 

for one serving size per person. And high-calcium food from milk and its products, 

meat and its products (Prawn, Lanchester’s fresh water, raw, Larges cale tongue sole, 

dried, Cobia, dried, Shrimp, salted, dried and Sardines, canned in water), cereal, 

vegetables (Indian mulberry, leaves and Water mimosa), fruit, seed and its products 

(Soybean curd, soft and Soybean, curd, yellow) and seasoning. 

        Moreover, Nutrition division, MOPH (41) presented data about the mechanism of 

calcium and the factors that affecting to bone. Besides, this book was shown different 

sauce of calcium that normally consumed and locally food. For normally consumed 

food that classified by calcium content into 3 groups such as more than 200 

mg/serving in milk and its product and finfish (Pla Kaew, dried, Pla Khao, dried, 

Rasbora, dried, Sardine, canned in water), between 100-200 mg/serving in milk and its 

product, finfish (Larges cale tongue sole, dried, Sardine, canned in tomato sauce and 

Grey feather, back, roasted), aquatic animal (Prawn, Lanchester’s fresh water, raw and 

Shrimp, salted, dried), Soybean products (Soybean, curd, white, soft), beverages 

(chocolate) and vegetable (Amaranth, boiled) and less than 100 mg/serving. For 

locally food that classified by calcium content into 2 groups such as between 100-200 
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mg/serving in meat (frog, grilled, Chameleon, grilled, frog, small, ground lizard, 

grilled, bullfrog, dried), finfish, aquatic animal (Fermented shrimp) and vegetable 

(Amaranth, spineless, boiled) and less than 100 mg/serving. 

        In 1999, Kettawan evaluated chicken bone for chemical composition and 

suitability for development to be a calcium concentrate by five modified methods and 

one suitable method, alkaline treatment was selected. The bone after extraction was 

called “Bone extract powder” (BEP). It was analyzed for food safety (microorganism 

and heavy metals) and tested for its application as fortification in two popular food 

products for Thai people. The products were fried shrimp chips (Kaow Kriab Kung) 

and one type of commercial chili paste. Products were fortified with three levels of 

calcium (10, 20 and 30% of Thai RDI per serving) and evaluated for sensory and 

chemical composition. The calcium content of chicken bone ranged from 3.2-6.1 g 

calcium/100 g. Bone extracted powder from selected method, alkaline treatment, 

contained 31 % calcium. The Ca:P ratio of calcium fortified products (11, 22 and 32 % 

of  Thai RDI) were close to 2:1. At the calcium fortification level of 30% Thai RDI 

per serving, the amount of calcium in each product was close to the calcium content of 

a cup of milk (240 mgcalcium) and thus could be termed a high calcium product (42). 

        In 2002, Juntawan developed and produced instant noodles that exhibit a mixture 

of fish powder in order to enhance the nutritious quality. The recipes of the noodles 

that have been used in this research ensure that they possess the amount of protein, 

calcium and energy that is required by the human body. After the prototype recipe (T0) 

was tested, 4 more recipes of the fish powder instant noodles were produced. These 4 

recipes had added fish powder at the percentages by weight of 5, 10, 15 and 20, 

respectively. These 5 recipes of the noodles were produced by three different methods 

of production then tested for the nutritious quality. The T4 recipe, which contained 

20% of fish powder, was capable of providing the highest nutritious quality in 

comparison to the other recipes. The amounts of calcium from all 3 method of 

production were 4.9, 4.3 and 4.5% (by weight). The results obtained revealed that 

recipes T3 and T4 of all 3 methods of production were highly accepted by various 

sample population groups. For the nutritious quality of these two recipes, it was found 

that the amounts of protein and calcium that they contained were 67-69% and 333-

414% of the Recommended Daily Dietary Allowances (RDA), respectively (43). 
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        In 2003, Charoenkul developed Thai snack called khaotang (crispy puffed rice) 

using mixed vegetables as a source of calcium. Three kinds of vegetables, kale, holy 

basil and Chinese cabbage were chosen. The total calcium and soluble calcium of kale 

was the highest, and its percentage of soluble calcium to total calcium was 28.58 

which were higher than that of holy basil and Chinese cabbage. To select a mixture of 

vegetables (MV) which was rich in calcium and acceptable in taste, four mixed 

vegetable groups (MV1, MV2, MV3 and MV4) were obtained by varying the 

proportions of kale, holy basil and Chinese cabbage. The soluble calcium (mg/100g) 

of MV2 was the highest and the percentage of soluble calcium was 34.81 of the total 

calcium. Each of the mixed vegetable groups was varied (6, 8, 10 and 12 g) for 

khaotang ingredients resulting in products having calcium at 10, 15, 20 and 25 % of 

Thai RDI per serving. Sixteen khaotang products from the four mixed vegetables 

group were evaluated for sensory acceptability. It was found that the product having 

15 % of Thai RDI of calcium per serving, from MV1 [P1(15%)] was most accepted. 

Concerning chemical composition of P1(15%), it contained more dietary fiver, ash and 

protein but less fat and energy than the khaotang without mixed vegetable groups. 

Calcium content of P1(15%) was 94.0 mg per serving size. The amount of calcium 

content of the product per serving equals to 11.75 % of Thai RDI (44). 

        From these study found that there are some study in development of high calcium 

food and snack. Moreover, Thai food contained calcium in appreciable content and 

regional food of Thailand have potential to develop as high calcium recipe. However, 

almost of remained data are resulted from calculation. So this study try to identify the 

calcium food that add or replace in the potential recipe as developed high calcium 

recipe which confirmed calcium content and other nutritive quality by laboratory 

analysis. 
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CHAPTER 4 

MATERIALS AND METHODS 
   

 

This study aimed to identify locally available calcium source in different 

region of Thailand as well as recipe development of locally available or regional foods 

that is high in calcium. To accomplish the objective of the study, we firstly identified 

the potential calcium sources from 4 different regions namely Northern, Northeastern, 

Southern and Central region of Thailand. Secondly, development of high calcium 

dishes was performed. 

 

4.1 Phase I: Selection of Potential Calcium Source 

        This phase was designed to analyze the calcium content in local food items and 

ready to eat dishes. 

        4.1.1 Screening of Potential Calcium Source  

        The purpose of this phase was to obtain the list of locally available food items, 

which would be later used as calcium source for developing the high-calcium recipes.  

        The food samples were collected from 4 regions of Thailand and Bangkok 

Metropolitan area.  Eighteen food samples were purchased from the North; Lampang 

province, 16 food samples from the Northeast; Ubonratchathanee province, 13 food 

samples from the South; Pattalung, Pattanee, Yala and Songkhla province, 8 food 

samples from Central region and Bangkok Metropolitan area; Suphanburi, Nakhon 

Pathom and 22 food samples from Bangkok. 

        Eighty food samples were categorized into 2 groups, single food items and ready- 

to-eat dishes as shown in Table 1. 
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        4.1.2 Nutrient Analysis 

        The purpose of this phase of study was to know the nutritive value of food items 

and dishes especially calcium and sodium contents. 

                4.1.2.1 Sample Preparation 

                Food samples were prepared as a single composite sample in the laboratory. 

Each food sample was weighed by using top-loadings balance (Satorius, Model 

441005), separated the inedible portions such as inedible bone fish, shell and 

reweighed. All edible portions were pooled, mixed, and homogenized by the electric 

blender (National Super Blender Circuit Breaker and BRAUN type 4262, Germany) 

and a meat mincer up to the characteristic of the sample. The homogenized single 

composite sample was kept in two polyethylene bottles. All samples were kept under -

20 oC in a freezer for further analysis. 

                4.1.2.2 Methods of Nutrient Analysis 

                All food samples were analyzed for proximate composition, minerals 

(calcium, sodium, phosphorus), fatty acids and cholesterol. 

                A. Moisture 

                Moisture content was determined by drying method (45). A homogenized 

sample was mixed with acid washed sand, then it was dried in an air oven at 100 oC 

until a constant weight was obtained. 

  B. Protein 

  Protein was determined by Kjeldahl method (45). The sample was digested 

with concentrated sulfuric acid, using sodium sulfate, copper sulfate pentahydrate, and 

selenium dioxide as a catalyst to convert organic nitrogen to ammonium ions. Alkali 

was added and the liberated ammonia distilled into an excess of boric acid solution. 

The distillate was titrated with standardized hydrochloric acid to determine the amount 

of ammonia in the boric acid. Protein was calculated from total nitrogen using 6.25 as 

a conversion factor. 

                C. Fat 

    Fat content was determined by Soxhlet method (45). The sample was 

digested with hydrochloric acid and boiled for 1 hr. Filtered and washed with warm 

water until the filtrate became free of acid. Dry the filtrate paper containing digested 
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sample and extracted fat with petroleum ether by using Soxhlet apparatus (SoxhtecTM). 

The extract fat was dried at 600C until constant weight was obtained. 

  D. Ash 

    Ash content was determined by dry ashing (45). The sample in a porcelain 

crucible was burned on an electric hot plate and Bunsen burner before transferring to 

muffle furnace at 5500C. The residue must be white or grey and free from carbon. Ash 

was weighed and calculated for percentage of ash content. 

  E. Carbohydrate 

    Carbohydrate was determined by calculation using the following equation 

(45). 

    % Carbohydrate = 100 % - % of (protein + fat + ash + moisture) 

  F. Energy 

    Energy was determined by calculation using the following equation (45). 

                Energy (kcal) = (%protein×4) + (%fat×9) + (%carbohydrate×4) 

    G. Minerals 

    Prior to anaysis, the ash was dissolved with 10% of 4N nitric acid. The 

solution was used to analyze for calcium, sodium, magnesium and phosphorus. The 

sample solution was analyzed for minerals as following: 

                        (i) Calcium, Sodium and Magnesium 

            The sample solution was determined calcium, sodium and magnesium 

by flame atomic absorption spectroscopy (AAS) (45, 46). Recommended instrument 

setting were described in Table 2. The calibration method was used to quantify the 

content of each mineral. All working standard solution was prepared from 1000-ppm 

stock standard solution via intermediate standard. For sodium and magnesium only 

10% of 4N nitric acid and deionized water were used whereas 20% of 5% lanthanum 

solution was added for the determination of calcium. 
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Table 2 Recommended instrument setting of calcium, sodium and magnesium 

Mineral Flame 

Lamp current 

(mA) 

Spectral band 

pass (nm) 

Wavelength 

(nm) 

Calcium Acetylene-Air 3 0.5 422.7 

Sodium Acetylene-Air 5 0.5 330.0 

Magnesium Acetylene-Air 3 0.5 285.2 

 

        Concentration of standard solution: 

Calcium           2, 5, 8, 10, 20  ppm 

Sodium          10, 30, 50, 80, 100       ppm 

Magnesium 0.1, 0.3, 0.5, 0.7 ppm 

   (ii) Phosphorus 

            Phosphorus was determined by gravimetric method (45). The sample 

solution was mixed with ammonium molybdate (precipitation reagent) in the presence 

of nitric acid. The yellow precipitate was filtered, washed with ammonium nitrate, 

dried and weighed. 

                H. Fatty acids 

    Fatty acids were determined by gas chromatography (47). Fatty acids were 

obtained by saponification of fats. Then free fatty acids were esterified by 

borontrifluoride catalyst. The methyl esters of fatty acids were extracted by petroleum 

ether. Then, they were dissolved with chloroform and were injected into gas 

chromatography (Varian 3600) under condition as follow: 

Injector temperature : 250 0C 

Detector temperature           : 300 0C 

Flow rate              :     2  ml/min 

Initial temperature                 :   60 0C 

Final temperature                  : 225 0C 

  The fatty acids were identified by comparing their relative and absolute 

retention times with commercial standard analyzed under the same experimental 

conditions. P/M/S ratio was obtained from the sum of each type of fatty acids and 

calculated to proportion of P/M/S ratio.   
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                I. Cholesterol 

    Cholesterol was determined by gas chromatograph (48). The food was 

hydrolyzed by alkali solution in ethanol, and then cholesterol was liberated by heating, 

extracted by petroleum ether. Evaporated the total extract to dryness on a rotary 

evaporator at 40 0C, converted into a silyl derivative using 5α-cholestane as the 

internal standard. Cholesterol was determined by gas chromatograph (Varian 3600) 

under condition as follow 

    Injector temperature : 275 0C 

    Detector temperature : 300 0C 

    Column temperature : 250 0C 

          Flow rate   :   30 ml/min 

  4.1.2.3 Quality Assurance of The Analytical Results 

    All nutrient analysis was analyzed in duplicate with the difference not more 

than 10%. In-house standard reference materials, prepared by Institute of Nutrition, 

Mahidol University were used for the quality control of food analysis. Milk powder 

was used for protein, fat, fatty acid, ash and mineral, soybean powder for ash and 

minerals, fish meal for cholesterol. 

4.1.3  Identification of Potential Calcium Source 

        From 45 food items that analyzed in Section 4.1.2, then the nutritive value were 

compare in term of the following criteria: 

        1. The content of calcium should more than 160 mg per serving 

2.  The content of sodium should less than 360 mg per serving 

3.  Commonly consumed 

4.  Available through out the year 

        For 35 ready-to-eat dish of each region were followed the criteria: 

        1. The content of calcium should more than 80 mg per serving 

2. The content of sodium should less than 800 mg per serving 

 

4.2 Phase II: Development of High-Calcium Recipe 

        This step was aimed to select the local food from 4 regions of Thailand and 

Bangkok to develop by adding or replacing certain ingredients which selected by its 

calcium content (see Section 4.1.2) into the recipe as high calcium. 
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        4.2.1 Screening of Potential Recipe 

        Recipes from each region were collected from available Thai cookbooks and 

research documents. The following criteria were used to select recipe for further 

development. 

1. The food must be commonly consumed within the region 

2. The food itself should contain considerable amount of calcium derived from 

animal source as an essential ingredients in the recipe 

3. The characteristics of food such as color, aroma and appearance 

        All potential recipes were calculated for the nutritive value by using INMUCAL 

computer software (version ND2) as shown in Table 28. Serving size was assigned by 

these criterion: 

1. Serving size of meat was 35-40 g or 

2. Estimation from the same kind of dish 

        4.2.2 Identification of Potential Recipe 

        The recipes in Section 4.2.1 were comparing in term of the following criteria: 

1. The calcium content was more than 80 mg/serving 

2. The main calcium source ingredients came from animal source 

3. The content of sodium was lower than 800 mg/serving 

4. The content of cholesterol was lower than 100 mg/serving 

        4.2.3 Calculation of Nutritive Value for Added Calcium to Potential Recipe 

        The initial step of developing high calcium food recipe, the nutrient value of the 

potential source of calcium was directly analyzed (see Section 4.1.2). Then, the 

potential recipes were calculated to determine the amount of added calcium in terms of 

the following criteria: 

   Major criteria 

1. Containing the high calcium as much more 180 mg per serving 

2. Commonly consumed and available 

Minor criteria (Aiming at keeping the health benefit aspect of the dish) 

  - The content of sodium was lower than 800 mg per serving 

- The content of cholesterol was lower than 100 mg per serving 
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        4.2.4 Acceptability Test 

        The acceptability of selected recipes was modified in order to obtain the most 

appropriate recipe, which could be modified to be as high-calcium one. The informal 

acceptability test was performed in terms of flavor and appearance characteristics of 

the modified/ developed recipe.  

        Fifteen panelists who were invited to participate in the evaluation of the sensory 

acceptability of the developed dishes, were staff of the Institute of Nutrition, Mahidol 

University (INMU). Most of them had experienced in participating as panelist of the 

sensory evaluation as well as were familiar with the Thai foods or local foods. 

        Food samples were freshly prepared and cooked in the kitchen at INMU at each 

testing schedule. The Informal test performed in the afternoon after the dishes were 

prepared. The test dishes were brought to panelist and served with plain rice. They 

were asked to evaluate the flavor and appearance characteristic of each test dishes. The 

acceptable score of each dish was carried out by marking acceptable or unacceptable 

by panelists. If the acceptable score of developed recipe was lower than 50% from all 

panelists, the selected recipe was modified according to the comments and suggestions 

of the panelist in order to obtain more acceptable test and desirable nutritive value. 

        Serving size was evaluated from weighing after cooked. The developed high-

calcium recipe and method of cooking were also described in Appendix C. 

        4.2.5 Nutrient Analysis 

        This step was aimed to determine the nutrient composition of the developed high-

calcium recipes of Thai side dishes. 

                4.2.5.1 Sample Preparation  

   Food samples were prepared and cooked as described from the developed 

high-calcium recipes (see Section 4.2.4). Four serving sizes were brought to prepare as 

a single composite sample in the laboratory. Food samples were weighed separated the 

inedible portions and reweighed. All edible portions were pooled, mixed, and 

homogenized by the home-use electric blender. The homogenized single composite 

sample was kept in two polyethylene bottles. All samples were kept under –200C in a 

freezer for further analysis. 
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                   4.2.5.2 Methods of Nutrient Analysis 

   All food samples were analyzed for proximate composition, minerals 

(calcium, sodium, phosphorus and magnesium), fatty acids and cholesterol. The 

method of analysis was described in Section 4.1.2.2. Then, all recipes were analyzed 

under the same quality assurance in Section 4.1.2.3. 
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CHAPTER 5 

RESULTS 
 

 

        This study was divided into two phases as follows; 

 

5.1 Nutrient Composition of The Potential Calcium Source of Foods 

        This part was show the nutrient composition of 80 food samples that classified 

into 2 groups are single food items and ready-to-eat of regional dish. For the data on 

preparation of sample was shown in Appendix A. 

        5.1.1 Single Food Items 

                5.1.1.1 Nutrient Composition Per 100 g 

                A. Mineral Composition         

                Mineral compositions of food item per 100 g wet weight are shown in Table 

3. The calcium (Ca) contents of each food item are listed in descending order 

according to the level of calcium per 100 g of food. The calcium content ranged from 

244.1 mg/100g (Pla Pang Dang) to 4879.6 mg/100g (Kob). The phosphorus (P) 

content ranged from 118.5 (Kung Som) and 2426.1 mg/100g (Kob). The sodium (Na) 

content ranged from 68.3 mg/100g (Kung Foi) to 5263.4 mg/100g (Kung Hang 

Pleuag). The recommended ratio of Ca:P was 1-1.5:1 (49) for better calcium 

absorption. The results showed that Pla Kaew, Pla Ra Pon Ob Sam Red, Pla Khao, Pla 

Pon Ob Sam Red, Kung Pon Ob Sam Red, Pla Krob, Pla Pao Song Kreuang and Pla 

Pang Dang had optimum ratio of calcium to phosphorus, 1.4:1, 1.5:1, 1.5:1, 1.2:1, 

1.4:1, 1:1, 1.4:1 and 1.4:1, respectively. 
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Table 3 Mineral composition of food items (per 100 g wet weight)  

Food name Ca(mg) P(mg) Na(mg) Ca:P 
Kob  
Pla Pon 
Kiad2 
Kung Kaew4 
Pla Kaew 
Pla Seu Kaew 
Pla Ra Pon Ob Sam Red3 
Pla Khao2 
Kung Pon Prik Kee Noo3 
Pla Pon Ob Sam Red3 
Kung Hang Pleaug 
Pla Dam2 
Kung Hang5 
Kung Pon Ob Sam Red3 
Pla Seu 2 
Pla Krob 
Pla Pao Song Kreuang 
Kung Foi4 

Kung Som2 
Pla Pang Dang 

 4879.6 
 4441.5 
 3614.5+386.2* 
 2931.9+91.8* 
 2738.5 
 2603.1 
 2338.4+484.2* 
 2270.3+130.6* 
 2229.3+725.3* 
 2049.1+335.1* 
 2021.3 
 1787.0+273.7* 
  1601.8+1095* 
  1196.8+56.4* 
  1010.5+206* 
    856.7 
    754.2 
    709.8+73.0* 
   428.9+126.6* 
   244.1 

  2426.1 
  2277.2 
  1988.4+120.4* 
    832.3+37.1* 
  1988.3 
  1392.2 
  1605.2+231.3* 
1497.4+105.9* 

    859.8+27.6* 
  1710.9+164.8* 
    963.4 
  1122.8+67.8* 
    731.8+225.7* 
    839.7+115.1* 
    567.9+60.8* 
    893.3 
    524.4 
    225.9+20.1* 
    118.5+7.8* 
    171.8 

   2047.1 
     880.6 
   1218.7+539* 
   1736.9+86.6* 
     273.3 
   1551.4 
   1596.3+103.8* 
   2335.7+721.5* 
   2990.8+1101.9* 
     392.1+37.2* 
   5263.4 
   3111.4+1543.7* 
   2568.2+1067.5* 
   1719.3+614.0* 
     314.0+389.5* 
     188.9 
   1351.5 
       68.3+17.9* 
   1249.5+26.8* 
   1174.2 

    2:1 
    2:1 
 1.8:1 
 3.5:1 
 1.4:1 
 1.9:1 
 1.5:1 
 1.5:1 
 2.6:1 
 1.2:1 
 2.1:1 
 1.6:1 
 2.2:1 
 1.4:1 
 1.8:1 
    1:1 
 1.4:1 
 3.1:1 
 3.6:1 
 1.4:1 

* Means+SD 
2 Values are the means+SD of two determinations (n=2) 
3 Values are the means+SD of three determinations (n=3) 
4 Values are the means+SD of four determinations (n=4) 
5 Values are the means+SD of seven determinations (n=7) 
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                B. Proximate Composition         

                Proximate composition and energy content of food items per 100 g are 

shown in Table 4. The energy content ranged from 73 kcal/100g of food (Kung Foi) to 

415 kcal/100g (Pla Krob). The protein content ranged from 6.3 g/100g (Kung Som) to 

71.7 g/100g (Kung Pon Ob Sam Red). The amount of fat content ranged from 0.5 

g/100g (Kung Som) to 22.4 g/100g (Pla Dam). CHO content was found in these foods 

ranging from trace (Pla Pon and Pla Krob) to 30.5 g/100g (Pla Pao Song Kreuang).  

Table 4 Proximate composition and energy content of the potential calcium source of         

              foods (per 100 g wet weight)  

Food name Energy 
(kcal) 

Protein 
(g) 

Fat 
(g) 

Carbohy 
drate(g) 

Moisture 
(g) 

Ash 
(g) 

Kob  
Pla Pon 
Kiad2 
Kung Kaew4 
Pla Kaew 
Pla Seu Kaew 
Pla Ra Pon Ob 
Sam Red3 
Pla Khao2 
Kung Pon Prik 
Kee Noo3 
Pla Pon Ob Sam 
Red3 
Kung Hang 
Pleaug 
Pla Dam2 
Kung Hang5 
Kung Pon Ob 
Sam Red3 
Pla Seu 2 
Pla Krob 
Pla Pao Song 
Kreuang 
Kung Foi4 

Kung Som2 
Pla Pang Dang 

 238 
 397 
 316+0* 
 272+16* 
 358 
 301 
 382+13* 
    
 356+33* 
 307+14* 
    
 409+9* 
    
 221 
   
 398+10* 
 249+47* 
 357+12* 
    
 131+52* 
 415 
 400 
     
   73+7* 
   83+12* 
   77  

51.2  
54.9 
61.8+3.1* 
59.7+1.8* 
68.1 
43.0 
65.7+2.1* 
 
59.1+1.7* 
62.2+6.6* 
 
69.5+6.1* 
   
47.9 
 
44.5+6.6* 
54.1+9.3* 
71.7+3.9* 
 
15.2+0.1* 
68.4 
38.4 
 
13.7+1.4* 
  6.3+0.9* 
  9.9 

  3.7 
19.7 
  6.6+0.7* 
  2.3+0.1* 
  8.3 
13.6 
10.3+2.4* 
 
10.7+2.7* 
  3.9+1.5* 
 
11.2+1.0* 
   
  3.3 
 
22.4+5.5* 
  2.9+0.8* 
  5.3+0.2* 
        
  7.6+6.2* 
15.8 
13.8 
       
  1.4+0.2* 
  0.5+0.2* 
  1.2 

 0.1 
 0.0 
 2.3+1.6* 
 3.0+2.2* 
 2.9 
 1.6 
 6.7+3.3* 
 
 5.8+4.1* 
 5.9+5.4* 
 
 7.6+3.4* 
    
 0.1 
 
 4.5+6.2* 
 2.1+2.8* 
 5.4+1.3* 
 
 0.6+0.8* 
 0.0 
30.5 
    
  1.5+0.5 

13.1+1.6* 

  6.8 

 17.9 
   8.1 
   9.3+2.1* 
 18.7+4.1* 
   8.0 
 27.5 
   3.2+0.5* 
   
   9.4+1.0* 
   4.8+1.1* 
  
   1.1+1.1* 
   
 15.6 
 
 10.5+6.3* 
 23.7+9.1* 
   1.5+1.4* 
 
 73.0+5.3* 
 10.5 
   8.6 
  
 80.5+2.2* 
 72.5+3.6* 
 74.3 

 27.1 
 17.3 
 20.0+3.0* 
 17.9+1.7* 
 12.8 
 14.3 
 16.1+0.9* 
  
 19.4+2.2* 
 26.8+2.2* 
  
 11.0+1.1* 
  
 33.2 
  
 21.1+7.8* 
 17.5+2.9* 
 16.5+1.2* 
    
   3.7+0.0* 
   6.1 
   8.6 
     
   2.9+0.4* 
   7.6+0.9* 
   7.8 

* Means+SD 
2 Values are the means+SD of two determinations (n=2) 
3 Values are the means+SD of three determinations (n=3) 
4 Values are the means+SD of four determinations (n=4) 
5 Values are the means+SD of seven determinations (n=7) 
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                C. Fatty Acid Composition 

                Fatty acid (FA) composition of food items as % of total FA are shown in 

Table 5. Major composition of saturated fatty acid (SFA) ranged from 49-58% in fresh 

water shrimp and dried shrimp while products from dried shrimp ranged from 35-42%. 

Palmitic acid (C16:0) and stearic acid (C18:0) that were the major in SFA which 

ranged from 20-33% and 11-21%, respectively. Moderate proportion of 

monounsaturated fatty acid (MUFA) (19-36%) was observed in fresh water and dried 

shrimp, while products from dried shrimp had lowest percentage of MUFA (15-19%). 

Major component of MUFA were found as palmitoleic acid (C16:1) and oleic acid 

(C18:1) which ranged from 4-8% and 21-26%, respectively for fresh water shrimp, 

and ranged from 10-15% for dried shrimp and products from dried shrimp. 

Polyunsaturated fatty acid (PUFA) content was low (12-25%) in fresh water and dried 

shrimp, and in moderate amount (38-49%) in products from dried shrimp. Major 

component of PUFA were found as linoleic acid (C18:2) which ranged from 2-8% for 

fresh water and dried shrimp, and ranged from 21-30% for products from dried 

shrimp. The amount of docosahexanoic acid (C22:6) were ranged from 6-7% in 

products from dried shrimp. 

                A large percentage of SFA ranged from 39-60 in all types of fish, fresh, 

dried and its products. Palmitic acid and stearic acid were the major component in 

SFA ranged from 24-40% and 4-14%, respectively. MUFA was the second most fatty 

acid found in all fish samples (31-42%) except Pla Pon Ob Sam Red and Pla Ra Pon 

Ob Sam Red, which ranged from 23-24%. Major component of MUFA were found as 

palmitoleic acid and oleic acid, which ranged from 3-15% in all fish, except 1% (Pla 

Pao Song Kreuang) of palmitoleic acid. Oleic acid was found in fresh water fish and 

dried fish which ranged from 14-34%, and 1-11% in dried products except Pla Pao 

Song Kreuang (37%). PUFA content was low (8-22%) in fresh water and dried fish, 

and ranged from 33-36% for products from dried fish except Pla Pao Song Kreuang 

(21%). Major component of PUFA were found as linoleic acid, which ranged from 2-

9% in all fish except Pla Pao Song Kreuang (18%), and docosahexanoic acid was 13% 

in products from dried fish except Pla Pao Song Kreuang (1.6%). Moreover, Eicosa 

pentanoic acid (C20:5, EPA) were found in Pla Pon Ob Sam Red and Pla Ra Pon Ob 

Sam Red, 7.8% and 6.2%, respectively. 
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                As comparison between Kob and Kiad, a large percentage of SFA ranged 

from 41-43%. Palmitic acid and stearic acid were the major component in SFA, which 

ranged from 26-32% and 9-12%, respectively.  MUFA was the second most fatty acid 

(35-45%) and major composition were palmitoleic acid and oleic acid, which ranged 

from 4-6% and 25-41%, respectively. A small percentage of PUFA ranged from 11-

23%. Linoleic acid ranged from 8-13%. Moreover, dihomo-χ-linolenic acid (C20:3) 

was found in Kob (8.1%). 
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Table 5 Fatty acid composition (% of total fatty acids) of food items  

Fatty acid % of total fatty acids 

 Kung foi4 Kung Som2 Kung Kaew4 Kung Hang5 
Kung Hang 

Pleuag 
C  6:0 0 0 0 0 0 
C  8:0 0 0 0 0 0 
C 10:0 0 0 0 0 0 
C 12:0 0.1+0.3 1.3+1.7 0 0.1+0.1 0 
C 14:0 2.1+3.3 3.4+3.3 1.6+0.3 2.1+1.1 3.1 
C 16:0 29.5+3.6 33.4+4.8 29.1+7.2 23.4+12.9 27.7 
C 18:0 14.5+3.0 19.6+8.7 21.5+7.5 21.5+5.1 13.3 
C 20:0 1.2+1.6 0.2+0.3 0.5+0.4 1.2+0.9 0.8 
C 22:0 1.9+3.6 0.5+0.6 1.0+1.1 1.5+1.8 2.9 
C 24:0 0.6+0.5 0.1+0.1 1.1+1.4 0.5+1.1 0.8 
Total SFA 49.9+3.7 58.3+17.5 54.9+12.4 50.2+11.7 48.6 
C 14:1 0.1+0.2 0.1+0.1 0.1+0.2 0.1+0.1 0.8 
C 16:1 6.9+1.3 6.7+2.3 5.8+1.6 8.2+2.3 8.4 
C 18:1 26.3+3.5 21.4+9.8 9.5+5.6 15.3+5.9 14.8 
C 20:1 1.7+0.7 1.0+1.3 1.0+0.7 1.3+1.0 0.4 
C 22:1 0.4+0.5 0 1.1+1.3 0.8+1.0 0 
C 24:1 1+1.2 0 1.3+1.2 0.7+1.0 0 
Total MUFA 36.4+3.9 29.2+9.0 18.7+6.2 26.5+6.5 24.4 
C 18:2,n6 7.6+3.6 7.4+2.2 2.3+1.1 2.4+1.0 2.9 
C 18:3,n6 0.6+0.4 1.3+0.8 1.9+0.4 1.9+1.2 1.7 
C 18:3,n3 1.7+1.0 1.2+1.7 1.8+0.5 1.3+2.1 2.0 
C 20:2,n6 0.5+0.6 0.5+0.6 0.9+0.7 0.7+0.5 2.6 
C 20:3,n6 0.9+0.3 0.4+0.5 0.8+0.7 2.1+2.3 1.7 
C 20:3,n3 0.1+0.1 0.4+0.5 2.3+3.8 2.4+4.3 1.2 
C 20:4,n6 1.2+1.9 0.4+0.6 4.3+3.4 1.1+1.5 4.0 
C 20:5,n3 0.1+0.1 0.1+0.1 3.7+5.1 4.0+4.5 4.0 
C 22:6,n3 0.1+0.2 0.7+1 3.3+4.7 2.1+4.7 4.6 
Total PUFA 12.7+5.9 12.2+8.0 21.2+11.8 18.0+11.6 24.7 
total n-3 2.0+1.0 2.4+3.3 11.1+13.7 9.8+11.8 11.8 
total n-6 10.8+5.0 9.8+4.7 10.1+5.8 8.2+3.8 12.9 
P/M/S ratio 0.3/0.7/1.0+1.2 0.2/0.5/1.0+5.3 0.4/0.3/1.0+3.7 0.4/0.5/1.0+3.5 0.5/0.5/1.0 
SFA in g% 0.2+0.1 0.1+0.0 0.4+0.1 0.4+0.1 0.61 
MUFA in g% 0.2+0.1 0.0+0.0 0.1+0.1 0.2+0.1 0.29 
PUFA in g% 0.1+0.0 0.0+0.0 0.2+0.1 0.2+0.2 0.29 
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Table 5 Fatty acid composition (% of total fatty acids) of food items (cont.) 
 

Fatty acid % of total fatty acids 

 
Kung Pon Ob 

Sam Red 
Kung Pon Prik 

Kee Noo3 Pla Seu2 
Pla Pang 

Dang Pla Kaew 
C  6:0 0 0 0 0 0 
C  8:0 0.0+0.1 0 0 0 0 
C 10:0 0.0+0.1 0 0 0 0 
C 12:0 0.2+0.1 0.1+0 0.4+0.2 0.1 0 
C 14:0 1.1+0.6 1.0+0.6 2.8+1.0 5.2 4 
C 16:0 19.7+0.6 23.8+1.7 30.5+1.6 40.6 32.8 
C 18:0 10.8+2.0 12.6+2.0 11.3+1 13.5 13.7 
C 20:0 0.9+0.7 0.8+0.6 0.6+0.1 0.7 0.1 
C 22:0 1.6+0.3 2.7+2.1 0.2+0.1 0.1 0 
C 24:0 0.6+0 0.7+0.1 0.1+0.1 0 1.2 
Total SFA 34.9+3.1 41.7+3.9 45.8+4.2 60.2 51.8 
C 14:1 0.7+0.1 1.1+1.2 0.2+0.1 0.1 0 
C 16:1 3.7+0.4 4.0+1.4 5.9+1.1 5.5 6.3 
C 18:1 9.8+2.7 13.0+1.8 34.2+8.9 23.7 16.4 
C 20:1 0.2+0.2 0.4+0.3 0.8+0.4 1.3 0.7 
C 22:1 0.5+0.6 0.5+0.8 0 0 0.1 
C 24:1 0.3+0.3 0.4+0.4 0.5+0.6 0 9.5 
Total MUFA 15.3+3.8 19.4+3.5 41.5+11.2 30.6 33 
C 18:2,n6 29.9+9.4 21.4+4.1 6.1+3 3.1 4.8 
C 18:3,n6 0.2+0.2 0.3+0.4 0.5+0.3 1.1 0.8 
C 18:3,n3 1.2+0.5 1.7+0.2 1.9+2.6 0 2.9 
C 20:2,n6 0.4+0.3 0.5+0.4 0.2+0.2 0.2 0.4 
C 20:3,n6 0.3+0.2 0.4+0.4 0.8+1.1 2 0.3 
C 20:3,n3 4.5+3.2 3.3+2.0 1.2+1.6 0 0.4 
C 20:4,n6 0.1+0.1 0.1+0.1 0.2+0.2 0 3.8 
C 20:5,n3 5.1+4.4 3.9+2.3 0.7+0.6 1.3 0.3 
C 22:6,n3 7.3+3.1 6.1+0.7 0.9+1.3 0 0 
Total PUFA 49.0+2.8 37.6+8.3 12.4+7.6 7.7 13.7 
total n-3 18.2+11.1 14.9+4.8 4.7+6 1.3 3.6 
total n-6 30.9+9.4 22.7+3.8 7.7+1.6 6.4 10.1 
P/M/S ratio 1.4/0.4/1.0+0.5 0.9/0.5/1.0+2.7 0.3/0.9/1.0+3.5 0.1/0.45/1.0 0.3/0.6/1.0 
SFA in g% 0.8+0.4 0.6+0.3 1.7+1.3 0.3 1.8 
MUFA in g% 0.3+0.1 0.3+0.2 1.3+0.6 0.2 1.2 
PUFA in g% 1.0+0.5 0.6+0.4 0.5+0.6 0.0 0.5 
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Table 5 Fatty acid composition (% of total fatty acids) of food items (cont.) 
 

Fatty acid % of total fatty acids 
 Pla Khao2 Pla Dam2 Pla Seu Kaew Pla Krob Pla Pon 

C  6:0 0 0 0 0.1 0 
C  8:0 0 0 0 0.1 0 
C 10:0 0 0 0 0.1 0 
C 12:0 0.3+0 0.7+0.6 0.2 0.5 0.2 
C 14:0 3.2+0.4 3.4+0.2 6.7 0.1 4.0 
C 16:0 29.3+1.3 35.4+11.7 38.2 35.2 29.7 
C 18:0 12.2+1.1 10.8+1.7 12 10.1 10.8 
C 20:0 0.3+0.3 0.6+0.1 0.1 0 0.6 
C 22:0 0.3+0.4 0.2+0.3 0 0.7 0.4 
C 24:0 0.4+0.4 0.1+0.1 0 0.7 0.4 
Total SFA 45.8+1.1 51.2+9.1 57.2 47.6 46.1 
C 14:1 0 0.2+0.2 0 5.6 0.3 
C 16:1 10.3+0.7 12.2+4.3 15.0 10.6 3.1 
C 18:1 19.3+3.0 22.9+2.3 14.3 19.6 26.6 
C 20:1 1.0+0.5 0.8+0.1 0.8 0 0.9 
C 22:1 0.2+0.1 0.05+0.1 0 0 0 
C 24:1 1.2+1.1 0.05+0.1 1.8 0 0.3 
Total MUFA 31.8+5.4 36+2.1 31.9 35.8 31.2 
C 18:2,n6 6.4+1.9 4.6+3.7 2.4 4.6 8.9 
C 18:3,n6 0.6+0.5 0.8+0.6 1.0 0.5 0.3 
C 18:3,n3 3.8+0.4 2.3+3 2.1 3.4 1.4 
C 20:2,n6 0.5+0.1 0.2+0.3 0.3 0 0 
C 20:3,n6 0.4+0.1 0.4+0.2 0.1 0.9 0 
C 20:3,n3 2.3+2.5 1.7+2.4 0.1 0.4 1.7 
C 20:4,n6 1.6+1.5 0.5+0.1 1.5 0 0.1 
C 20:5,n3 2.4+2.8 1.1+1.6 0.2 0.7 2 
C 22:6,n3 4.1+5.8 0.9+1.1 0 1.5 4.9 
Total PUFA 21.8+7.3 12.3+11.7 7.7 12.0 19.3 
total n-3 12.5+11.4 6.0+8.1 2.4 6.0 10.0 
total n-6 9.3+4.1 6.4+3.6 5.3 6.0 9.3 
P/M/S ratio 0.5/0.7/1.0+3.2 0.2/0.7/1.0+5 0.1/0.5/1.0 0.4/0.5/1.0 0.4/0.7/1.0 
SFA in g% 2.1+0.4 5.5+0.9 3.2 2.2 4.8 
MUFA in g% 1.5+0.0 4.0+1.2 1.7 1.5 3.3 
PUFA in g% 1.1+0.5 1.6+1.8 0.4 0.5 2.2 
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Table 5 Fatty acid composition (% of total fatty acids) of food items (cont.) 
 

Fatty acid % of total fatty acids 

 
Pla Pon Ob 
Sam Red3 

Pla Pao Song 
Kreuang 

Pla Ra Pon Ob 
Sam Red3 Kob Kiad 

C  6:0 0.1+0.1 0 0 0 0 
C  8:0 0.0+0.1 0 0 0 0 
C 10:0 0.1+0.1 0.1 0 0 0 
C 12:0 0.2+0.1 0.8 0.1+0.1 0.1 0.3+0.2 
C 14:0 3.3+2.8 0.2 3.7+2.8 1.2 1.0+0.2 
C 16:0 28.1+5.5 32.6 24.2+4 26.4 32.3+6.6 
C 18:0 9+1 4.4 7.3+3.1 12.3 9.1+2.8 
C 20:0 0.4+0.1 0.3 1.0+1.0 0.4 0.3+0.2 
C 22:0 0.6+0.5 0.6 3.0+4.5 0 0.1+0.1 
C 24:0 0.4+0.1 0.4 1.1+1.0 0.7 0.2+0.2 
Total SFA 42.2+4.2 39.4 40.4+2.7 41.1 43.0+9.4 
C 14:1 3.6+6.2 1.6 1.8+3.1 0.6 0.2+0.1 
C 16:1 8.4+3.4 0.7 6.6+1.8 5.8 3.6+2.4 
C 18:1 10.9+3.1 36.5 0.8+0.4 25.2 41.0+2.1 
C 20:1 0.6+0.5 0 0.6+0.2 0.6 0.6+0.4 
C 22:1 0.1+0.1 0.1 2.3+3.8 0 0 
C 24:1 0.5+0.4 0 0.5+0.5 2.8 0 
Total MUFA 24.1+11.8 38.9 22.6+6.4 35.0 45.3+4.9 
C 18:2,n6 8.1+2.3 18.3 8.5+1.8 13.2 8.1+2.6 
C 18:3,n6 0.5+0.5 0 0.8+1.0 1.4 1.0+0.3 
C 18:3,n3 0.7+0.1 0 1.3+0.6 0 0.1+0.1 
C 20:2,n6 0.1+0.1 0 0.2+0.2 0 0 
C 20:3,n6 0.3+0.2 0.9 1.7+2.6 8.1 1.8+1.4 
C 20:3,n3 2.7+1.7 0.1 3.9+0.3 0 0 
C 20:4,n6 0.1+0.1 0 0.1+0.1 0 0 
C 20:5,n3 7.8+3.7 0.3 6.2+4.0 0 0.2+0.1 
C 22:6,n3 12.8+9.1 1.6 13.2+6.4 0 0 
Total PUFA 33.0+16.2 21.2 36.0+5.0 22.7 11.2+4.6 
total n-3 23.9+14.4 2 24.6+9.2 0 0.3+0.3 
total n-6 9.0+1.8 19.2 11.3+4.4 22.7 10.9+4.3 
P/M/S ratio 0.8/0.6/1.0+6 0.5/1.0/1.0 0.9/0.6/1.0+1.9 0.6/0.9/1.0 0.3/1.1/1.0+2.7 
SFA in g% 1.9+1 2.0 1.8+0.9 0.6 1.6+0.5 
MUFA in g% 0.9+0.4 2.0 0.9+0.4 0.5 1.8+1.1 
PUFA in g% 1.8+1.4 1.1 1.6+1.0 0.3 0.5+0.4 

2 Values are the means+SD of two determinations (n=2) 
3 Values are the means+SD of three determinations (n=3) 
4 Values are the means+SD of four determinations (n=4) 
5 Values are the means+SD of seven determinations (n=7) 
0: Values are zero 
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                D. Cholesterol Content  

                Cholesterol content of food items per 100 g wet weight are shown in Table 

6. The cholesterol content ranged from 26.2 mg/100g of food (Pla Pang Dang) to 

909.7 mg/100g (Kung Pon Ob Sam Red). 

Table 6 Cholesterol content of food items (per 100 g wet weight)  
 

Food name Cholesterol(mg) 
Kob  
Pla Pon 
Kiad2 
Kung Kaew4 
Pla Kaew 
Pla Seu Kaew 
Pla Ra Pon Ob Sam Red3 
Pla Khao2 
Kung Pon Prik Kee Noo3 
Pla Pon Ob Sam Red3 
Kung Hang Pleaug 
Pla Dam2 
Kung Hang5 
Kung Pon Ob Sam Red3 
Pla Seu 2 
Pla Krob 
Pla Pao Song Kreuang 
Kung Foi4 

Kung Som2 
Pla Pang Dang 

                      266.1 
                      391.3 
                      454.3+34.8* 
                      614.6+88.3* 
                      812.8 
                      401.2 
                      228.9+27.6* 
                      747.9+120.6* 
                      766.3+112.6* 
                      269.9+3.7* 
                      610.9 
                      514.1+74.3* 
                      663.0+128.5* 
                      909.7+72.8* 
                      123.7+47.8* 
                      428.2 
                      135.3 
                      160.7+14.3* 
                        73.3+3.9* 
                        26.2                    

* Means+SD 
2 Values are the means+SD of two determinations (n=2) 
3 Values are the means+SD of three determinations (n=3) 
4 Values are the means+SD of four determinations (n=4) 
5 Values are the means+SD of seven determinations (n=7) 
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                5.1.1.2 Nutrient Composition Per Serving 

                Nutrient composition of food items per serving are shown in Table 7. The 

serving size of dried food sample was set at 25 g and 55 g of fresh food sample as 

recommended by the Reference amounts customarily consumed per eating occasion 

for Thais (4). The calcium content per serving of foods ranged from 134.3 mg to 

1219.9 mg in Pla Pang Dang and Kob, respectively which was equivalent to 17 % and 

153 % of the Thai RDI. Nineteen out of twenty analyzed food samples was considered 

as an excellent source of calcium because they contained more than 20 % of the value 

recommended by the Thai RDI (50). However, most of food samples preserved in 

dried form contained sodium more than 360 mg/serving (Kob, Kung Kaew, Pla Seu 

Kaew, Pla Ra Pon Ob Sam Red, Pla Khao, Kung Pon Prik Kee Noo, Kung Hang 

Pleaug, Pla Dam, Kung Hang, Kung Pon Ob Sam Red and Kung Som).  This 

information rendered the utilization of these foods as calcium source in those who 

need to restrict Sodium intake from their diet. Only Pla Pang Dang was considered as 

good source of calcium (10-19 % of Thai RDI) because it contiained 134.3 mg of 

calcium per serving which was equivalent to17 % of Thai RDI but the high sodium 

content of more than 360 mg was warranted. The food items that considered as an 

excellent source of calcium also an excellent source of phosphorus (>20% of Thai 

RDI) which ranged from 183.0 (Kung Hang) to 606.5 (Kob) mg/serving (23-76 % of 

Thai RDI), but these foods contained sodium more than 360 mg/serving. As far as the 

phosphorus content is concerned, sixteen out of twenty food samples were excellent 

source except Pla Pao Song Kreuang, Kung Foi and Pla Pang Dang are considered as 

good source (10-19 % of Thai RDI). Nevertheless, the sodium content of Pla Pang 

Dang is higher than 360 mg/serving. Therefore, Pla Pang Dang may not be a good 

calcium food.  

                Excellent source of calcium food that contained sodium less than 360 

mg/serving were Pla Pon, Kiad, Pla Seu and Kung Foi. Besides, Pla Kaew, Pla Pon Ob 

Sam Red, Pla Krob and Pla Pao Song Kreuang that considered as an excellent source 

of calcium food which contained sodium less than 360 mg/serving also had optimum 

ratio of Ca:P. So, these foods were recommended to be as high-calcium food for 

people. 
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                Proximate composition and energy content of food items per serving are 

shown in Table 7. The protein contribution per serving of food ranged from 3.5 g to 

17.9 g in Kung Som and Kung Pon Ob Sam Red, respectively which was equivalent to 

7% and 36% of Thai RDI. The fat contribution per serving ranged from 0.3 g (Kung 

Som) to 5.6 g (Pla Dam) which was equivalent to 1 % and 9 % of Thai RDI. The CHO 

contribution per serving ranged from trace (Kung Hang Pleaug and Pla Krob) to 7.6 g 

(Pla Pao Song Kreuang) which was equivalent to 0 % and 3 % of Thai RDI.  

                Excellent source of calcium food that contained sodium less than 360 

mg/serving were Pla Kaew, Pla Pon Ob Sam Red and Pla Krob.  These foods 

contained protein more than 1/3 of Thai RDI which ranged from 17.0-17.9 g/serving. 

These foods also contained fat less than 1/3 of Thai RDI which have potential to 

develop as high-calcium food and for the advantage in those who need to restricted fat 

intake from their diet. 

                Fatty acid compositions of food items presented as % of total fatty acid are 

shown in Table 5. Excellent source of calcium food that contained sodium less than 

360 mg/serving were Pla Pon, Kiad, Pla Kaew, Pla Pon Ob Sam Red, Pla Seu, Pla 

Krob, Pla Pao Song Kreuang and Kung Foi.  Main fatty acid compositions of most of 

the food samples were SFA except Kiad, Pla Seu and Pla Pao Song Kreuang that 

contained the similar amount of MUFA and SFA. All foods were low in PUFA except 

Pla Pon Ob Sam Red. 

                The cholesterol contribution per serving of food items ranged from 14.4 mg 

(Pla Pang Dang) to 227.4 mg (Kung Pon Ob Sam Red) which was equivalent to 5 % 

and 76 % of Thai RDI. 

                Excellent source of calcium food that contained sodium less than 360 

mg/serving such as Pla Pon, Pla Pon Ob Sam Red, Pla Seu, Pla Pao Song Kreuang and 

Kung Foi also contained cholesterol from 33.8-97.8 mg/serving (< 1/3 of Thai RDI) 

which have potential to develop as high-calcium food and for the advantage in those 

who need to restricted cholesterol intake from their diet. 
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                5.1.1.3 The Potential Calcium Source of The Analyzed Food Item 

                In summary, eight out of twenty analyzed food samples were considered as 

an excellent source of calcium that contained sodium less than 360 mg/serving such as 

Pla Pon, Kiad, Pla Seu, Kung Foi, Pla Kaew, Pla Pon Ob Sam Red, Pla Krob and Pla 

Pao Song Kreuang. All of them contained fat and CHO less than 1/3 of Thai RDI. 

However, the ratios of P/M/S fatty acids were not meet satisfactory criteria (1/1/1).  

                Two out of eight analyzed food items that considered as an excellent source 

of Ca; Pla Pon Ob Sam Red and Pla Krob were interesting. The ratio of calcium to 

phosphorus was good and also contained protein 17.4 and 17.1 mg/serving which 

equivalent to 35 and 34 % of Thai RDI. The protein content of Pla Pon, Pla Seu, Kung 

Foi and Pla Pao Song Kreuang were less than 1/3 of Thai RDI.  The cholesterol 

content of Kiad (113.6 mg/serving) and Pla Kaew (203.2 mg/serving) which 

equivalent to 38 and 68 % of Thai RDI, respectively. Pla Kaew were not 

recommended in those who need to restricted cholesterol intake from their diet. 

                This study was interested in dried fish and shrimp that available in each 

region of Thailand. Pla Pon and Kung Kaew were then chosen as calcium source of 

food item. They were excellent source of calcium except Kung Kaew that contained 

sodium 434.2 mg/serving which equivalent to 18 % of Thai RDI that was lower than 

642.1 mg/serving in Kung Hang, The protein content were closed to 1/3 of Thai RDI, 

13.7 and 14.9 g/serving, which equivalent to 27 and 30 % of Thai RDI in Pla Pon and 

Kung Kaew, respectively.  The cholesterol content in Pla Pon was 97.8 mg/serving (33 

% of Thai RDI) which equivalent to 1/3 of Thai RDI, but was 153.7 mg/serving (51 % 

of Thai RDI) in Kung Kaew which lower than 165.8 mg/serving (55.3 % of Thai RDI) 

in Kung Hang. However, the ratio of calcium to phosphorus was not meet satisfactory 

criteria in both of them. 
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        5.1.2 Northern Dish 

                5.1.2.1 Nutrient Composition Per 100 g 

                A. Mineral Composition         

                Mineral composition of Northern dish per 100 g wet weight is shown in 

Table 8. The calcium (Ca) contents of each dish are listed in descending order 

according to the level of calcium per 100 g of dish. The calcium content ranged from 

52.1 mg/100g (Kaeng Pak Kad Jor) to 2396.1 mg/100g (Kiad Shub Pang Tod). The 

phosphorus (P) content ranged from 38.3 (Kaeng Pak Kad Noi) to 1219.2 mg/100g 

(Kiad Shub Pang Tod). The sodium (sodium) content ranged from 337.3 mg/100g 

(Kaeng Pak Kad Jor) to 2989.2 mg/100g (Nam Poo). The recommended ratio of Ca:P 

was 1-1.5:1 (49) for better calcium absorption. The results showed that Nam Prik Kob 

and Kaeng Pak Kad Jor had optimum ratio of Ca to P, 1.1:1 and 1.2:1, respectively. 

 
Table 8 Mineral composition of Northern dish (per 100 g wet weight)  

Food name Ca(mg) P(mg) Na(mg) Ca:P 
Kiad Shub Pang Tod  
Nam Poo  
Kung Foi Shub Pang Tod3 
Nhab Pla2 
Nhab Kung 
Kaeng Hoi Khom2 
Nam Prik Kob 
Kaeng Pak Kad Noi 
Nam Prik Pla Too 
Nhab Tua Nao 
Kaeng Pak Kad Jor 

2396.1 
2006.6 
  723.8+270.9* 
  723.5+145.4* 
  426.8 
  228.4+65.6* 
  154.5 
  113.3 
    80.8 
    76.6 
    52.1 

1219.2 
  336.0 
  219.0+42.2* 
  410.6+54.8* 
  198.1 
    40.0+7.9* 
  137.6 
    38.3 
  120.4 
  158.3 
    41.9 

 1268.1 
 2989.2    
   636.3+1548* 
   424.6+54.9* 
   655.5 
   379.3+30.8* 
   888.8 
   346.5 
   914.0 
   741.4 
   337.3 

 2.0:1 
 6.0:1 
 3.3:1 
 1.8:1 
 2.2:1 
 5.7:1 
 1.1:1 
 3.0:1 
 0.7:1 
 0.5:1 
 1.2:1 

* Means+SD 
2 Values are the means+SD of two determinations (n=2) 
3 Values are the means+SD of three determinations (n=3) 
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                B. Proximate Composition         

                Proximate composition and energy content of Northern dishes per 100 g are 

shown in Table 9. The energy content ranged from 23 kcal/100g of food (Kaeng Pak 

Kad Noi) to 534 kcal/100g (Kung Foi Shub Pang Tod). The protein content ranged 

from 2.3 g/100g (Kaeng Pak Kad Noi) to 33.9 g/100g (Kiad Shub Pang Tod). The fat 

content ranged from trace (Kaeng Pak Kad Noi) to 40.6 g/100g (Kung Foi Shub Pang 

Tod). CHO content was found in these foods ranging from 2.2 g/100g   (Kaeng Pak 

Kad Noi, Kaeng Pak Kad Jor) to 30.0 g/100g (Kung Foi Shub Pang Tod).  

 
Table 9 Proximate composition and energy content of Northern dish (per 100 g wet  

              weight)  

Food name Energy 
(kcal) 

Protein 
(g) 

Fat 
(g) 

Carbohy 
drate(g) 

Moisture 
(g) 

Ash 
(g) 

Kiad Shub Pang 
Tod  
Nam Poo  
Kung Foi Shub 
Pang Tod3 
Nhab Pla2 
Nhab Kung 
Kaeng Hoi 
Khom2 
Nam Prik Kob 
Kaeng Pak Kad 
Noi 
Nam Prik Pla 
Too 
Nhab Tua Nao 
Kaeng Pak Kad 
Jor 

 431 
    
 209 
 534+15* 
 
 117+38* 
   68 
   45+5* 
     
   73 
   23 
      
   78 
    
 153 
   56 

 33.9 
   
 26.0 
 12.2+2.0* 
 
 16.7+4.5* 
   9.8 
   3.2+0.2* 
     
   8.2 
   2.3 
      
   9.3 
    
 13.6 
   3.2 

 26.8 
      
   8.2 
 40.6+2.4* 
      
   3.8+2.7* 
   0.9 
   0.6+0.4* 
      
   1.6 
   0.5 
     
   1.8 
      
   7.7 
   3.9 

 13.5 
      
   7.9 
 30.0+8.6* 
             
   3.9+1.1* 
   5.1 
   6.6+0.3* 
      
   6.5 
   2.2 
      
   6.2 
       
   7.2 
   2.2 

 11.2 
    
 35.5 
 11.1+6.7* 
 
 71.0+5.8* 
 79.1 
 86.6+0.9* 
   
 78.1 
 92.2 
    
 77.4 
    
 66.0 
 88.5 

14.6 
 
22.5 
  6.1+1.6* 
 
  4.6+0.3* 
  5.1 
  3.0+0.0* 
    
  5.7 
  2.8 
    
  5.3 
    
  5.6 
  2.2 

* Means+SD 
2 Values are the means+SD of two determinations (n=2) 
3 Values are the means+SD of three determinations (n=3) 
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                C. Fatty Acid Composition 

                Data on fatty acid composition as % of total fatty acids of Northern dish are 

shown in Table 10. As we compared the fatty acid composition between soup dishes 

(Kaeng Hoi Khom, Kaeng Pak Kad Jor and Kaeng Pak Kad Noi). Percentage of SFA 

ranged from 31-38%. Palmitic acid and stearic acid were the major saturated fatty acid 

found in the soup dishes which ranged from 25-27% and 4-9%, respectively. MUFA 

was found in the range of 27-33% in Kaeng Hoi Khom and Kaeng Pak Kad Noi, but 

Kaeng Pak Kad Jor contained 41.1% of MUFA. Major compositions of MUFA were 

palmitoleic and oleic acid which ranged from 2-4% and 25-38%, respectively. A large 

percentage of PUFA was found in Kaeng Hoi Khom (43%). Linoleic acid and 

linolenic acid were the major component of PUFA which were 31% and 6%, 

respectively. A mean percentage of PUFA ranged from 20-28% in Kaeng Pak Kad Jor 

and Kaeng Pak Kad Noi. Linoleic acid and linolenic acid were the main component of 

PUFA which ranged from 14-19% and 2-7%, respectively. 

                As we compared the fatty acid composition between fried dishes (Kung Foi 

Shub Pang Tod and Kiad Shub Pang Tod), percentage of SFA ranged from 39-50%. 

Palmitic acid and stearic acid were the major component saturated fatty acid found in 

the fried dish, which ranged from 32-37% and 6-11%, respectively. MUFA ranged 

from 41-45% and main component were palmitoleic acid and oleic acid that ranged 

from 2% and 40-43%, respectively. A small percentage of PUFA ranged from 8-15%. 

Main composition was linoleic acid that ranged from 6-14%. 

                As we compared the fatty acid composition between roasted dish (Nhab 

Kung and Nhab Pla) and dip dish (Nam Prik Pla Too and Nam Prik Kob) of North. A 

large Percentage of SFA ranged from 35-44%. Palmitic acid and stearic acid that were 

the major component in SFA that ranged from 25-30% and 6-13% respectively. A 

mean percentage of MUFA ranged from 32-39%. Palmitoleic acid and oleic acid 

ranged from 6-8% and 25-31%, respectively. A small percentage of PUFA ranged 

from 17-27%. Linoleic acid and linolenic acid ranged from 9-20% and 2-4%, 

respectively. 

                As we compared the fatty acid composition between Nhab Tua Nao and 

Nam Poo. Percentage of SFA ranged from 17-35%. Palmitic acid and stearic acid were 

the major component in SFA ranged from 13-26% and 3-6%, respectively. MUFA 
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ranged from 25-43% and main component was oleic acid that ranged from 25-28%. 

Moerover, palmitoleic acid was found in Nam Poo (15%). PUFA ranged from 12-52% 

and 5-7% of linoleic acid and linolenic acid, respectively. 

 

Table 10 Fatty acid composition (% of total fatty acids) of Northern dish    
Fatty acid % of total fatty acids 

 
Kaeng Hoi 

Khom2 
Kaeng Pak 

Kad Jor 
Kaeng Pak 

Kad Noi 
Kung Foi Shub 

Pang Tod3 
Kiad Shub 
Pang Tod 

C  6:0 0 0 0 0 0 
C  8:0 0 0 0.1 0 0 
C 10:0 0 0 0 0 0 
C 12:0 0.1+0.1 0 0.1 0.4+0.4 0.4 
C 14:0 1.1+0.1 1.8 1.5 1.0+0.3 0.8 
C 16:0 24.5+8.2 25.7 26.8 31.5+6 36.9 
C 18:0 4.0+1.6 9.5 8.3 5.7+2.2 11.0 
C 20:0 0.4+0.3 0.8 0.2 0.2+0.2 0.4 
C 22:0 0.3+0.1 0.1 1 0 0.1 
C 24:0 0.8+1.1 0.4 0.5 0 0 
Total SFA 31.1+8.3 38.3 38.5 38.8+4.6 49.6 
C 14:1 0.1+0.1 0.1 0.2 0.1+0.1 0.1 
C 16:1 1.5+0.4 2.9 3.6 2.4+2.3 1.9 
C 18:1 24.7+10.6 38.1 27.9 42.6+3.2 39.5 
C 20:1 0.3+0.4 0 0.7 0.1+0.1 0.3 
C 22:1 0.3+0.4 0 0.3 0 0 
C 24:1 0 0 0 0 0 
Total MUFA 26.8+10.0 41.1 32.7 45.1+3.8 41.8 
C 18:2,n6 31.3+13.3 13.9 19 14.4+7.5 6.2 
C 18:3,n6 2.4+3.4 0 0.8 0.7+0.6 0.8 
C 18:3,n3 3.9+5.5 1.8 6.1 0.1+0.1 0 
C 20:2,n6 2.5+2.6 0.8 0.5 0.0+0.1 0 
C 20:3,n6 0.8+1.1 1.2 0.1 0.1+0.1 0.8 
C 20:3,n3 0 2.0 0 0 0 
C 20:4,n6 0.9+1.2 0.2 0.3 0 0 
C 20:5,n3 0.3+0.1 0.1 0 0.1+0.1 0.1 
C 22:6,n3 0.8+1.1 0.1 1.3 0 0 
Total PUFA 42.7+19.1 20.1 28.1 15.4+8.2 7.9 
total n-3 5.0+6.4 4 7.4 0.1+0.1 0.1 
total n-6 37.8+12.7 16.1 20.7 15.2+8.3 7.8 
P/M/S ratio 1.4/0.9/1.0+5.8 0.5/1.1/1.0 1.0/0.9/1.0 0.4/1.2/1.0+2.4 0.2/0.8/1.0 
SFA in g% 0.1+0.1 0.8 0.0 10.7+3.6 8.8 
MUFA in g% 0.1+0.1 0.9 0.0 12.1+3.6 8.1 
PUFA in g% 0.1+0.0 0.4 0.0 4.6+3.5 2.6 
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Table 10 Fatty acid composition (% of total fatty acids) of Northern dish (cont.) 

Fatty acid % of total fatty acids 

 
Nhab 
Kung Nhab Pla2 

Nam Prik 
Pla Too 

Nam Prik 
Kob 

Nhab Tua 
Nao Nam Poo 

C  6:0 0 0 0 0 0 0 
C  8:0 0 0 0 0 0 0 
C 10:0 0 0 0 0 0 0 
C 12:0 0.4 0.2+0 0.4 1 0.1 0.7 
C 14:0 2.5 2.8+0.7 3.6 2.6 0.2 1.5 
C 16:0 24.9 29.8+0.7 26.1 24.8 12.9 25.6 
C 18:0 12.6 10.6+1.8 8.9 6.3 3.4 5.9 
C 20:0 1.6 0.4+0.1 0.6 0.2 0.1 0.5 
C 22:0 0.7 0.2+0 0 0.1 0 0.6 
C 24:0 0 0 0.1 0 0 0 
Total SFA 42.7 44.0+0.5 39.7 35 16.7 34.8 
C 14:1 0.6 0.6+0.4 0.1 0.1 0 0.6 
C 16:1 5.8 8.2+3.8 7.7 6.4 0 14.8 
C 18:1 24.8 28.7+4.4 27.8 30.8 25.2 27.8 
C 20:1 0.9 0.4+0.4 0.4 0.8 0 0 
C 22:1 0.1 0.1+0.1 0 0 0 0 
C 24:1 0 0.9+1.3 0 0 0 0 
Total MUFA 32.2 38.9+0.6 36 38.1 25.2 43.2 
C 18:2,n6 13.9 9.2+2.1 14.6 20 51.6 11.6 
C 18:3,n6 4 3.1+0.5 2.5 2.3 6.6 4.9 
C 18:3,n3 0.5 0.2+0 0 0.2 0 0 
C 20:2,n6 0.8 0.2+0.1 0.3 0.2 0 0.4 
C 20:3,n6 0.3 1.3+1.3 2.7 1.8 0 4.0 
C 20:3,n3 0 0 0 0 0 0 
C 20:4,n6 0 1.0+0.9 0.1 0.1 0 0 
C 20:5,n3 4 1.7+0.4 4 2.1 0 1.2 
C 22:6,n3 0 0 0 0 0 0 
Total PUFA 23.5 16.6+0 24.2 26.7 58.2 22.1 
total n-3 4.5 1.9+0.4 4 2.3 0 1.2 
total n-6 19 14.7+0.4 20.2 24.4 58.2 20.9 
P/M/S ratio 0.5/0.7/1.0 0.4/0.9/1.0+0.3 0.6/0.9/1.0 0.8/1.1/1.0 3.5/1.5/1.0 0.6/1.2/1.0 
SFA in g% 0.1 0.9+0.7 0.3 0.3 1.0 1.6 
MUFA in g% 0.1 0.8+0.7 0.3 0.3 1.4 2.0 
PUFA in g% 0.1 0.3+0.3 0.2 0.2 3.3 1.0 

2 Values are the means+SD of two determinations (n=2) 
3 Values are the means+SD of three determinations (n=3) 
0: Values are zero 
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                D. Cholesterol Content  

                Cholesterol content of Northern dishes per 100 g wet weight is shown in 

Table 11. The cholesterol content ranged from 1.3 mg/100g of dish (Nhab Tua Nao) to 

184.9 mg/100g (Kiad Shub Pang Tod). 

        

Table 11 Cholesterol content of Northern dish (per 100 g wet weight)  
 

Food name Cholesterol(mg) 
Kiad Shub Pang Tod  
Nam Poo  
Kung Foi Shub Pang Tod3 
Nhab Pla2 
Nhab Kung 
Kaeng Hoi Khom2 
Nam Prik Kob 
Kaeng Pak Kad Noi 
Nam Prik Pla Too 
Nhab Tua Nao 
Kaeng Pak Kad Jor 

                           184.9 
                             98.9 
                           116.8+33.8* 
                           157.8+11.6* 
                           122.7 
                             29.2+5.8* 
                             28.7 
                               4.8 
                             28.7 
                               1.3 
                               9.5 

* Means+SD 
2 Values are the means+SD of two determinations (n=2) 
3 Values are the means+SD of three determinations (n=3) 
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                5.1.2.2 Nutrient Composition Per Serving 

                Nutrient composition of Northern dish per serving is shown in Table 12. The 

serving size of each dish can be classified according to four different references; 

reference amounts by Thai Food Compositions Tables, amount of serving size by 

Pattaya Maruekin (39), weighing from preparation of sample in this study and 

estimation by compared the dish with other dish that had the same method of cooking 

and reference amounts was known. The calcium content per serving of dishes ranged 

from 19.2 mg to 2036.7 mg in Nhab Tua Nao and Kiad Shub Pang Tod, respectively 

which was equivalent to 2.4 % and 254.6 % of the Thai RDI. Seven out of eleven 

analyzed food samples were considered as an excellent source of calcium because they 

contained more than 20 % of the value recommended by the Thai RDI (50). However, 

most of food samples contained sodium more than 360 mg/serving (Kiad Shub Pang 

Tod, Nam Poo, Kung Foi Shub Pang Tod, Nhab Kung, Kaeng Hoi Khom and Kaeng 

Pak Kad Noi).  This information rendered the utilization of these foods as calcium 

source in those who need to restrict sodium intake in their diet. Nam Prik Kob and 

Kaeng Pak Kad Jor were considered as good source of calcium (10-19 % of Thai RDI) 

because they contained 115.9 mg and 104.2 mg of calcium per serving which was 

equivalent to14.5 and 13 % of Thai RDI but the high sodium content of more than 360 

mg was warranted. The dishes that considered as an excellent source of calcium also 

an excellent source of phosphorus (>20% of Thai RDI) which were1036.3 (Kiad Shub 

Pang Tod) and 186.2 (Kung Foi Shub Pang Tod) mg/serving (23-130 % of Thai RDI), 

but these foods contained sodium more than 360 mg/serving. As far as the phosphorus 

content is concerned, six out of eleven food samples are considered as good source 

(10-19 % of Thai RDI). Nevertheless, the sodium content is higher than 360 

mg/serving. Therefore, these dishes may not be a good calcium food.  

                Excellent source of calcium and phosphorus food that contained sodium less 

than 360 mg/serving was Nhab Pla which was considered as high-calcium dishes. 

Nam Prik Kob and Kaeng Pak Kad Jor that considered as a good source of calcium 

food but contained sodium more than 360 mg/serving also had optimum ratio of Ca: P. 

So, these foods were recommended to be a high-calcium food but for those people 

who have to restrict their sodium intake may have to be careful with using the 

seasoning that contained high level of sodium in the preparation. 
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                Proximate composition and energy content of Northern dish per serving are 

shown in Table 12. The protein contribution per serving of food ranged from 3.4 g to 

28.8 g in Nhab Tua Nao and Kiad Shub Pang Tod, respectively which was equivalent 

to 7% and 58% of Thai RDI). The fat contribution per serving ranged from 0.6 g 

(Nhab Kung) to 34.5 g (Kung Foi Shub Pang Tod) which was equivalent to 1 % and 

53 % of Thai RDI. The CHO contribution per serving ranged from 1.4 g (Nam Poo) to 

25.5 g (Kung Foi Shub Pang Tod) which was equivalent to 0 % and 9 % of Thai RDI.  

                Excellent source of calcium food that contained sodium less than 360 

mg/serving was Nhab Pla but contained protein less than 1/3 of Thai RDI (11.7 

g/serving). Also contained fat less than 1/3 of Thai RDI (2.7 g/serving) which have 

potential to develop as high-calcium food and for the advantage in those who need to 

restrict fat intake from their diet. 

                Fatty acid composition presented as % of total fatty acid of Northern dish 

are shown in Table 12.  Only Nhab Pla was considered as an excellent source of 

calcium food that contained sodium less than 360 mg/serving but the ratio of P/M/S 

was improper.  Main compositions were SFA in these foods except Kaeng Pak Kad 

Jor, Nhab Pla, Nam Prik Kob and Nam Prik Pla Too that contained the similar amount 

of MUFA and SFA. All foods were low in PUFA except Kaeng Hoi Khom, Kaeng 

Pak Kad Noi and Nhab Tua Nao. 

                The cholesterol contribution per serving of food items ranged from 0.3 mg 

(Nhab Tua Nao) to 157.2 mg (Kiad Shub Pang Tod) which was equivalent to 0 % and 

52 % of Thai RDI. 

                Excellent source of calcium food that contained sodium less than 360 

mg/serving was Nhab Pla also contained cholesterol 110.5 mg/serving (36.8 % of Thai 

RDI) which have potential to develop as healthy high-calcium food. 
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        5.1.3 Northeastern Dish 

                5.1.3.1 Nutrient Composition Per 100 g 

                A. Mineral Composition         

                Mineral composition of Northeastern dish per 100 g wet weighy is shown in 

Table 13. The calcium (Ca) contents of each dish are listed in descending order 

according to the level of calcium per 100 g of dish. The calcium content ranged from 

71.0 mg/100g (Pon Pla) to 1088.9 mg/100g (Oo Pla). The phosphorus (P) content 

ranged from 46.0 (Pon Pla) to 630.4 mg/100g (Oo Pla). The sodium (Na) content 

ranged from 502.1 mg/100g (Oo Pla Ruam) to 1492.1 mg/100g (Jaw Pla Ra). The 

recommended ratio of Ca:P was 1-1.5:1 (49) for better calcium absorption. The results 

showed that Mok Pla Kaew Jaw Pla Ra and Pon Pla had optimum ratio of calcium to 

P, 1.3: 1, 1.4: 1 and 1.5: 1, respectively. 

 
Table 13 Mineral composition of Northeastern dish (per 100 g wet weight)  

Food name Ca(mg) P(mg) Na(mg) Ca:P 
Oo Pla 
Oo Pla Ruam 
Mok Pla Kaew 
Mok Huag 2 
Jaw Pla Ra 
Pon Kob  
Pon Pla 

   1088.9 
     852.7 
     645.1 
     445.5+93.4* 
     247.2 
     246.5 
       71.0 

    630.4 
    497.3 
    485.3 
  195.4+66.8* 
    180.5  
      95.9 
      46.0 

  1436.4 
    502.1 
  1001.0 
   649.3+494.7* 
  1492.1 
    474.9   
    660.4   

1.7:1 
1.7:1 
1.3:1 
2.3:1 
1.4:1 
2.6:1 
1.5:1 

* Means+SD 
2 Values are the means+SD of two determinations (n=2) 
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                B. Proximate Composition         

                Proximate composition and energy content of Northeastern dish per 100 g 

wet weight is shown in Table 14. The energy content ranged from 25 kcal/100g of 

food (Pon Pla) to 128 kcal/100g (Mok Pla Kaew). The protein content ranged from 4.1 

g/100g (Pon Pla) to 19.5 g/100g (Mok Pla Kaew). The fat content ranged from trace 

(Pon Pla) to 4.6 g/100g (Mok Pla Kaew). CHO content was found in these foods 

ranging from 0.5 g/100g   (Oo Pla Ruam) to 4.9 g/100g (Oo Pla).  

         

Table 14 Proximate composition and energy content of Northeastern dish (per 100 g  

                wet weight)  

Food name Energy 
(kcal) 

Protein 
(g) 

Fat 
(g) 

Carbohy
drate(g) 

Moisture 
(g) 

Ash 
(g) 

Oo Pla 
Oo Pla Ruam 
Mok Pla Kaew 
Mok Huag 2 
Jaw Pla Ra 
Pon Kob  
Pon Pla 

119 
  81 
128 
 75+14* 
  63 
  53 
  25 

18.5 
15.5 
19.5 
13.4+5.0* 
  4.3 
  6.8 
  4.1 

2.8 
1.9 
4.6 
1.4+0.3* 
1.8 
1.8 
0.4 

  4.9 
  0.5 
  2.0 
 2.0+2.1* 
  7.4 
  2.5 
  1.3 

 63.1 
 76.6 
 66.4 
 77.2+7.0* 
 78.7 
 86.4 
 90.8 

10.6 
  5.5 
  7.5 
 6.0+3.9* 
  7.7 
  2.6 
  3.4 

* Means+SD 
2 Values are the means+SD of two determinations (n=2) 
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                C. Fatty Acid Composition 

                Data on fatty acid composition as % of total fatty acids of Northeastern dish 

are shown in Table 15. They were roasted dish (Mok Pla Kaew, Mok Huag, Oo Pla 

and Oo Pla Ruam) and dip dish (Jaw Pla Ra, Pon Pla and Pon Kob). As we compared 

the fatty acid composition between Mok Pla Kaew and Oo Pla Ruam, percentage of 

SFA ranged from 49-50%. Palmitic acid and stearic acid which the major component 

in SFA was 34% and 11%, respectively. MUFA ranged from 32-33% and main 

component was palmitoleic acid and oleic acid that ranged from 9-11% and 18-21%, 

respectively. PUFA was 17% of total fatty acids. Linoleic acid ranged from 7-10%. 

                As we compared the fatty acid compositions between Mok Huag, Jaw Pla 

Ra and Pon Kob, percentage of SFA ranged from 31-42%. Palmitic acid and stearic 

acid which the major component in SFA ranged from 23-44% and 5-11%, 

respectively. MUFA ranged from 33-41%. Palmitoleic acid and oleic acid were the 

major composition of MUFA found in these dishes which ranged from 5-7% and 27-

33% respectively. PUFA ranged from 28-34% in Mok Huag and Jaw Pla Ra. Linoleic 

acid and linolenic acid were the main component of PUFA found in these dishes 

ranged from 20-28% and 5-6%, respectively. For Pon Kob contained PUFA 16.5% 

which found 11.8% of oleic acid. 

                As we compared the fatty acid compositions between Oo Pla and Pon Pla. A 

large percentage of SFA was 51%, which ranged from 46-47% of stearic acid. A small 

percentage of MUFA was 8-10%, which contained 8% of palmitoleic acid. A mean 

percentage of PUFA ranged from 38-39%. Linoleic acid and linolenic acid were the 

major composition of PUFA found in these dishes which ranged from 25-31% and 5-

8%, respectively. 
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Table 15 Fatty acid composition (% of total fatty acids) of Northeastern dish  

Fatty acid % of total fatty acids 

  
Mok Pla 

Kaew Mok Huag2 Oo Pla 
Oo Pla 
Ruam 

Jaw Pla 
Ra Pon Pla Pon Kob 

C  6:0 0 0 0 0 0 0.1 0 
C  8:0 0 0 0 0 0 0 0 
C 10:0 0 0 0 0 0 1.4 0 
C 12:0 0.1 0 0.1 0 0.1 1.4 0 
C 14:0 4.1 0.4+0.1 0.7 0.4 0.3 0.6 0.4 
C 16:0 34.1 25.8+2.7 0.7 34.4 23.4 0.3 33.9 
C 18:0 10.7 10.6+1.5 47.2 11.2 5.3 45.9 6.6 
C 20:0 0.2 0.7+0.3 0.6 1.9 0.8 0.5 0.6 
C 22:0 0 0.4+0.4 0.1 0.5 0.6 0.2 0.5 
C 24:0 0 0.9+0.4 1.5 1.8 0.3 0.6 0.2 
Total SFA 49.2 38.7+4.7 50.9 50.2 30.8 51.0 42.2 
C 14:1 0.8 0.1+0 0.1 0.1 0.1 0.2 0.3 
C 16:1 11.4 5.5+1.6 8.3 9.4 4.5 7.7 6.9 
C 18:1 17.8 27.1+2.9 0 21.2 29.6 0 32.6 
C 20:1 0.1 0.3+0.4 1.9 1.0 0.9 0.5 0.5 
C 22:1 0 0.1+0 0 0.4 0.2 0 0.7 
C 24:1 3.0 0 0 0 0 0 0 
Total MUFA 33.1 33.1+1.8 10.3 32.1 35.3 8.4 41.0 
C 18:2,n6 9.9 19.5+6 25.4 7.0 27.5 31.4 11.8 
C 18:3,n6 2.6 0.1+0.1 0.4 1.2 0.2 0 0 
C 18:3,n3 0.1 5.6+1.8 8.1 5.8 4.4 5.4 0.7 
C 20:2,n6 0 0 0 0 0.1 2.2 0 
C 20:3,n6 2.6 0.7+0.4 1.5 0.8 0.5 0.2 1.2 
C 20:3,n3 0 1.8+0.5 1.9 1.3 0.6 0 0.6 
C 20:4,n6 1.3 0 0 0 0 0.1 0.1 
C 20:5,n3 0 0 0.6 0 0 0 1.6 
C 22:6,n3 0 0.3+0 0 1.0 0.6 0 0.5 
Total PUFA 16.5 27.9+3.2 37.9 17.1 33.9 39.3 16.5 
total n-3 0.1 7.7+2.3 10.6 8.1 5.6 5.4 3.4 
total n-6 16.4 20.2+5.5 27.3 9.0 28.3 33.9 13.1 
P/M/S ratio 0.3/0.7/1.0 0.7/0.9/1.0+1.5 0.7/0.2/1.0 0.3/0.6/1.0 1.1/1.1/1.0 0.8/0.2/1.0 0.4/1.0/1.0 
SFA in g% 0.8 0.3+0 0.5 0.3 0.3 0.0 0.3 
MUFA in g% 0.5 0.2+0 0.1 0.2 0.4 0.0 0.3 
PUFA in g% 0.3 0.2+0 0.3 0.1 0.4 0.0 0.1 

2 Values are the means+SD of two determinations (n=2) 
0: Values are zero 
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                D. Cholesterol Content  

                Cholesterol content of Northeastern dishes per 100 g wet weight is shown in 

Table 16. The cholesterol content ranged from 16.4 mg/100g of dish (Pon Pla) to 

250.7 mg/100g (Mok Pla Kaew). 

 
Table 16 Cholesterol content of Northeastern dish (per 100 g wet weight)  

Food name Cholesterol(mg) 
Oo Pla 
Oo Pla Ruam 
Mok Pla Kaew 
Mok Huag 2 
Jaw Pla Ra 
Pon Kob  
Pon Pla 

                           174.3 
                           124.4 
                           250.7 
                           129.5+37.9* 
                             21.8 
                             31.8 
                             16.4 

* Means+SD 
2 Values are the means+SD of two determinations (n=2) 
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                5.1.3.2 Nutrient Composition Per Serving 

                Nutrient compositions of Northeastern dish per serving are shown in Table 

17. The serving size of each dish can be classified according to two different 

references; weighing from preparation of sample in this study and estimation by 

compared the dish with other dish that had the same method of cooking and reference 

amounts was known. The calcium content per serving of dish ranged from 142.0 mg to 

1742.2 mg in Pon Pla and Oo Pla, respectively which was equivalent to 17.8 % and 

217.8 % of the Thai RDI. Six out of seven analyzed food samples were considered as 

an excellent source of calcium because they contained more than 20 % of the value 

recommended by the Thai RDI (50). However, all of food samples contained sodium 

more than 360 mg/serving. This information rendered the utilization of these foods as 

calcium source in those who need to restrict sodium intake in their diet. Pon Pla was 

considered as good source of calcium (10-19 % of Thai RDI) because it contained 

142.0 mg of calcium per serving which was equivalent to17.8 % of Thai RDI but the 

high sodium content of more than 360 mg was warranted. The dish that considered as 

an excellent source of calcium also an excellent source of P (>20% of Thai RDI) 

which ranged from 191.8 (Pon Kob) and 1008.6 (Oo Pla) mg/serving (24-126 % of 

Thai RDI), but these foods contained sodium more than 360 mg/serving, except Mok 

Huag is considered as good source of phosphorus (10-19 % of Thai RDI). Also Pon 

Pla was good source of phosphorus. Nevertheless, the sodium content is higher than 

360 mg/serving. Therefore, these dishes may not be a good calcium food.  

                Excellent source of calcium and phosphorus food that contained sodium less 

than 1/3 of Thai RDI of Northestern dish were Mok Pla Kaew and Mok Huag. They 

contained the lowest of sodium which have potential to develop as high-calcium dish. 

Also Mok Pla Kaew, Jaw Pla Ra and Pon Pla had optimum ratio of Ca:P. So, these 

foods were recommended to be a high-calcium food but for those people who have to 

restrict their sodium intake may have to be careful with using the seasoning that 

contained high level of sodium in the preparation. 

                Proximate composition and energy content of Northeastern dish per serving 

are shown in Table 17. The protein contribution per serving of food ranged from 6.9 g 

to 29.6 g in Jaw Pla Ra and Oo Pla, respectively which was equivalent to 13.8% and 

59.2% of Thai RDI). The fat contribution per serving ranged from 0.8 g (Pon Pla) to 
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4.5 g (Oo Pla) which was equivalent to 1 % and 7 % of Thai RDI. The CHO 

contribution per serving ranged from 0.8 g (Oo Pla Ruam) to 11.8 g (Jaw Pla Ra) 

which was equivalent to 0 % and 4 % of Thai RDI.  

                Excellent source of calcium food but contained sodium more than 360 

mg/serving were Mok Pla Kaew and Mok Huag but contained protein less than 1/3 of 

Thai RDI (19-27 % of Thai RDI). Also contained fat less than 1/3 of Thai RDI (1-7 % 

of Thai RDI) which have potential to develop as high-calcium food and healthy. 

                Fatty acid composition of Northeastern dish presentd as % of total fatty acid 

are shown in Table 17.  Mok Pla Kaew and Mok Huag were considered as an excellent 

source of calcium food that contained sodium more than 360 mg/serving but the ratio 

of P/M/S was improper.  Main compositions were SFA in these foods except Mok 

Huag and Pon Kob that contained the similar amount of MUFA and SFA.  The proper 

ratio of P/M/S was in Jaw Pla Ra only. 

                The cholesterol contribution per serving of Northeastern dish ranged from 

32.8 mg (Pon Pla) to 278.9 mg (Oo Pla) which was equivalent to 11 % and 93 % of 

Thai RDI. 

                Excellent source of calcium food that contained sodium more than 360 

mg/serving were Mok Pla Kaew and Mok Huag also contained cholesterol 175.5 and 

90.7 mg/serving, respectively (59 and 30 % of Thai RDI). So, Mok Huag may have 

potential to develop as healthy high-calcium food and. 
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        5.1.4 Southern Dish 

                5.1.4.1 Nutrient Composition Per 100 g 

                A. Mineral Composition         

                Mineral composition of southern dish per 100 g wet weight is shown in 

Table 18. The calcium (Ca) contents of each dish are listed in descending order 

according to the level of calcium per 100 g of dish. The calcium content ranged from 

35.7 mg/100g (Kao Yum) to 765.4 mg/100g (Mok Kei). The phosphorus (P) content 

ranged from 57.7 (Kao Yum) to 698.5 mg/100g (Pla Shing Shang). The sodium (Na) 

content ranged from 434.8 mg/100g (Mok Kei) to 4233.2 mg/100g (Pla Shing Shang). 

The recommended ratio of Ca:P was 1-1.5:1 (49) for better calcium absorption. The 

results showed that Hua Kao Kriab had optimum ratio of Ca to P, 1.4: 1. 

 

Table 18 Mineral composition of Southern dish (per 100 g wet weight)  

Food name Ca(mg) P(mg) Na(mg) Ca:P 
Mok Kei 
Pla Shing Shang 
Hua Kao Kriab  
Kaeng Pak Kood Sai Kung 
Kao Yum 

765.4 
      537.6 
      185.2 
        46.1 
        35.7 

     195.8 
698.5 

      129.3 
        74.4 
        57.7 

      434.8 
4233.2 

      550.2 
      642.4 
      521.6 

3.9:1 
0.8:1 
1.4:1 
0.6:1 
0.6:1 
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                B. Proximate Composition         

                Proximate composition and energy content of southern dishes per 100 g wet 

weight is shown in Table 19. The energy content ranged from 118 kcal/100g of food 

(Mok Kei) to 398 kcal/100g (Pla Shing Shang). The protein content ranged from 4.8 

g/100g (Kaeng Pak Kood Sai Kung) to 48.1 g/100g (Pla Shing Shang). The fat content 

ranged from 4.0 g/100g (Mok Kei) to 22.9 g/100g (Pla Shing Shang). CHO content 

was found in these foods ranging from trace (Pla Shing Shang) to 51.2 g/100g (Hua 

Kao Kriab).  

         

Table 19 Proximate composition and energy content of Southern dish (per 100 g wet  

                weight)  

Food name Energy 
(kcal) 

Protein 
(g) 

Fat 
(g) 

Carbohy 
drate(g) 

Moisture 
(g) 

Ash 
(g) 

Mok Kei 
Pla Shing Shang 
Hua Kao Kriab  
Kaeng Pak Kood 
Sai Kung 
Kao Yum 

    118 
    398 
    284 
    125 
 
    162 

    11.5 
48.1 

      7.0 
      4.8 
  
      5.5 

     4.0 
   22.9 
     5.6 
     9.4 
 
     4.2 

       9.0 
       0.0 
     51.2 
       5.4 
 
     25.3 

    71.4 
      8.4 
    33.1 
    76.5 
 
    62.2 

    4.1 
  20.6 
    3.1 
    3.9 
  
    2.7 
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                C. Fatty Acid Composition 

                Data on fatty acid composition as % of total fatty acids of Southern dish are 

shown in Table 20. They were curries with coconut milk dish (Kaeng Pak Kood Sai 

Kung), fried dish (Pla Shing Shang), roasted dish (Mok Kei) and one-plate dish (Kao 

Yam and Hua Kao Kriab). Kaeng Pak Kood Sai Kung, a large percentage of SFA was 

67% of total fatty acid which contained lauric acid (C12:0) 45% as main composition 

of SFA that resulted from coconut milk. Moreover, capric acid (C10:0), palmitic acid 

and stearic acid were 5%, 12.2% and 3.7%, respectively. Moderate proportion of 

MUFA (29%) was observed which contained myristoleic acid (C14:1) and oleic acid 

20% and 9%, respectively, while linoleic acid (4%) had lowest percentage of PUFA.  

                As we compared the fatty acid composition between Pla Shing Shang and 

Hua Kao Kriab. Percentage of SFA ranged from 48-50% which contained palmitic 

acid and stearic acid ranged from 42% and 4-5%, respectively. MUFA ranged from 

43-44%, which contained 41-44% of oleic acid. A small percentage of PUFA ranged 

from 6-7% that was linoleic acid. 

                Percentage of SFA was 31 found in Mok Kei which contained 23% of 

palmitic acid as main component and stearic acid (7%). MUFA was 40% of total fatty 

acid that contained palmitoleic acid and oleic acid 3% and 35%, respectively. Linoleic 

acid (25%) were the major compositon of PUFA. 

                Kao Yam, a large percentage of SFA was 81% that contained lauric acid 

(36%), myristic acid (16%), palmitic acid (19%) and stearic acid (4%). Fifteen percent 

of MUFA that was oleic acid while linoleic acid was the major composition of PUFA 

that contained 4%. 
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Table 20 Fatty acid composition (% of total fatty acids) of Southern dish 

Fatty acid % of total fatty acids 

 

Kaeng Pak 
Kood Sai 

Kung 
Pla Shing 

Shang Mok Kei Kaw Yum 
Hua Kao 

Kriab 
C  6:0 0 0.1 0 0 0 
C  8:0 1.1 0.1 0 3.6 0 
C 10:0 4.5 0 0 3.9 0 
C 12:0 45.0 0.3 0 35.5 0.3 
C 14:0 0.1 1.1 0.7 15.5 2.0 
C 16:0 12.2 41.8 23.3 18.5 42.4 
C 18:0 3.7 4.3 6.8 3.5 5.3 
C 20:0 0 0.2 0 0 0.2 
C 22:0 0.1 0 0 0 0 
C 24:0 0 0.3 0.2 0 0 
Total SFA 66.7 48.2 31 80.5 50.2 
C 14:1 19.7 0 0 0 0 
C 16:1 0.1 0 3 0 0.1 
C 18:1 8.9 44.3 35.3 14.8 41.3 
C 20:1 0.1 0 0.2 0.1 1.5 
C 22:1 0 0 0.2 0 0 
C 24:1 0 0 0.8 0 0.3 
Total MUFA 28.8 44.3 39.5 14.9 43.2 
C 18:2,n6 4.1 6.8 25.3 4.1 6.0 
C 18:3,n6 0 0.1 0 0.2 0 
C 18:3,n3 0.2 0 1.5 0 0 
C 20:2,n6 0 0 0.1 0 0 
C 20:3,n6 0 0 0.3 0 0.1 
C 20:3,n3 0 0 0.1 0 0 
C 20:4,n6 0 0 1.9 0 0.1 
C 20:5,n3 0 0 0 0.1 0.1 
C 22:6,n3 0 0 0 0 0 
Total PUFA 4.3 6.9 29.2 4.4 6.3 
total n-3 0.2 0 1.6 0.1 0.1 
total n-6 4.1 6.9 27.6 4.3 6.2 
P/M/S ratio 0.1/0.4/1.0 0.1/0.9/1.0 0.9/1.3/1.0 0.1/0.2/1.0 0.1/0.9/1.0 
SFA in g% 4.1 7.1 0.8 2.2 1.3 
MUFA in g% 1.8 6.4 1.0 0.4 1.1 
PUFA in g% 0.3 1.0 0.7 0.1 0.2 

0: Values are zero 
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                D. Cholesterol Content  

                Cholesterol content of Southern dishes per 100g is shown in Table 21. The 

cholesterol content ranged from 9.8 mg/100g of dish (Kao Yum) to 196.9 mg/100g 

(Pla Shing Shang). 

 

Table 21 Cholesterol content of Southern dish (per 100 g)  
 

Food name Cholesterol(mg) 
Mok Kei 
Pla Shing Shang 
Hua Kao Kriab  
Kaeng Pak Kood Sai Kung 
Kao Yum 

196.1 
196.9 

                                 15.1 
                                 21.4 
                                   9.8 
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                5.1.4.2 Nutrient Composition Per Serving 

                Nutrient compositions of Southern dish per serving are shown in Table 22. 

The serving size of each dish can be classified according to four different references; 

reference amounts by Thai Food Composition Tables, amount of serving size by 

Suchada Suphanpayak (51), weighing from preparation of sample in this study and 

estimation by compared the dish with other dish that had the same method of cooking 

and reference amounts was known. The calcium content per serving of dish ranged 

from 78.5 mg to 535.8 mg in Kao Yum and Mok Kei, respectively which was 

equivalent to 9.8 % and 67.0 % of the Thai RDI. Only Mok Kei was considered as an 

excellent source of calcium because it contained more than 20 % of the value 

recommended by the Thai RDI (50). Pla Shing Shang, Hua Kao Kriab and Kaeng Pak 

Kood Sai Kung were considered as good source of calcium (10-19 % of Thai RDI) 

ranged from 92.2-134.4 mg of calcium per serving which was equivalent to 12-17 % 

of Thai RDI but the high sodium content of more than 360 mg was warranted except 

Hua Kao Kriab. Only Pla Shing Shang considered as  an excellent source of 

phosphorus (>20% of Thai RDI) because it contained 174.6 mg/serving which was 

equivalent to 22 % of Thai RDI, but it contained sodium 1058 mg/serving (44 % of 

Thai RDI). The utilization of this dish as calcium source in those who need to restrict 

sodium intake in their diet was warranted. Mok Kei, Kaeng Pak Kood Sai Kung and 

Kao Yum were considered as good source of phosphorus that contained sodium 48-54 

% of Thai RDI except Mok Kei. Therefore, these dishes may not be a good calcium 

food.  

                Excellent source of calcium food that contained sodium less than 360 

mg/serving of Southern dish were Mok Kei which has potential to develop as high-

calcium dishes. Hua Kao Kriab was considered as good source of calcium and 

phosphorus also had optimum ratio of Ca:P. So, it was recommended to be as a good 

snack for people which contained sodium less than 360 mg/serving. 

                Proximate composition and energy content of Southern dish per serving are 

shown in Table 22. The protein contribution per serving of food ranged from 4.2 g to 

12.1 g in Hua Kao Kriab and Kao Yum, respectively which was equivalent to 8% and 

24% of Thai RDI). The fat contribution per serving ranged from 2.8 g (Mok Kei) to 

18.8 g (Kaeng Pak Kood Sai Kung) which was equivalent to 4 % and 29 % of Thai 



Rattana Prasertwaree                                                                                                                  Results / 68    

RDI. The CHO contribution per serving ranged from trace (Pla Shing Shang) to 55.7 g 

(Kao Yum) which were equivalent to 0 % and 19 % of Thai RDI.  

                Excellent source of calcium food but contained sodium less than 360 

mg/serving was Mok Kei that contained protein 8.1 g/serving which was equivalent to 

16 % of Thai RDI. Also contained fat 2.8 g/serving (4 % of Thai RDI) which have 

potential to develop as high-calcium food and for the advantage in those who need to 

restrict fat intake from their diet. 

                Fatty acid composition of Southern dish presented as % of total fatty acids 

are shown in Table 20.  Mok Kei was considered as an excellent source of calcium 

food that contained sodium less than 360 mg/serving and the ratio of P/M/S was good 

because the ratio was 1/1/1.  Almost of them contained SFA as main fatty acid 

compositions.  

                The cholesterol contribution per serving of southern dish ranged from 9.1 

mg (Hua Kao Kriab) to 137.3 mg (Mok Kei) which was equivalent to 3 % and 46 % of 

Thai RDI. 

                Excellent source of calcium food that contained sodium less than 360 

mg/serving were Mok Kei but contained cholesterol 137.3 mg/serving (46 % of Thai 

RDI). So, Mok Kei may have potential to develop as high-calcium food but concerned 

in those who need to restrict cholesterol intake in their diet. 
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        5.1.5 Central and Bangkok Dish 

                5.1.5.1 Nutrient Composition Per 100 g 

                A. Mineral Composition         

                Mineral composition of Central and Bangkok dish per 100 g wet weight is 

shown in Table 23. The calcium (Ca) contents of each dish are listed in descending 

order according to the level of calcium per 100 g of dish. The calcium content ranged 

from 113.8 mg/100g (Pad Hoi Lai) to 915.3 mg/100g (Kung Foi Shub Pang Tod). The 

phosphorus (P) content ranged from 66.7 (Kaeng Kua Hoi Khom) to 284.5 mg/100g 

(Kung Jom). The sodium (Na) content ranged from 390.4 mg/100g (Kung Foi Shub 

Pang Tod) to 2471.9 mg/100g (Pla Ra Sub). The recommended ratio of Ca:P was 1-

1.5:1 (49) for better calcium absorption. The results showed that Pad Hoi Lai had 

optimum ratio of calcium to phosphorus, 1.2: 1. 

Table 23 Mineral composition of Central and Bangkok dish (per 100 g wet weight)  

* Means+SD  

2 Values are the means+SD of three determinations (n=3) 
 
 

 

 

 

 

 

 

 

 

 

         

                 

                

Food name Ca(mg) P(mg) Na(mg) Ca:P 
Kung Foi Shub Pang Tod 
Kung Jom 
Kaeng Kua Hoi Khom2 
Pla Ra sub 
Pad Hoi Lai 

  915.3 
  476.9 
422.1+129.3* 
  393.6 
  113.8 

     237.1 
     284.5 
       66.7+6* 
     242.6 
       95.0 

   390.4 
   965.4 
   490.4+185.6* 
 2471.9 
 1029.3 

3.9:1 
1.7:1 
6.3:1 
1.6:1 
1.2:1 
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                B. Proximate composition         

                Proximate composition and energy content of Central and Bangkok dishes 

per 100 g wet weight is shown in Table 24. The energy content ranged from 75 

kcal/100g of food (Pla Ra Sub) to 445 kcal/100g (Kung Foi Shub Pang Tod). The 

protein content ranged from 5.5 g/100g (Kaeng Kua Hoi Khom) to 13.2 g/100g (Kung 

Foi Shub Pang Tod). The fat content ranged from 0.9 g/100g (Pla Ra Sub) to 31.9 

g/100g (Kung Foi Shub Pang Tod). CHO content was found in these foods ranging 

from 6.9 mg/100g (Kaeng Kua Hoi Khom) to 26.3 g/100g (Kung Foi Shub Pang Tod).  

 
Table 24 Proximate composition and energy content of Central and Bangkok dish (per  

                100 g wet weight)  

Food name Energy 
(kcal) 

Protein 
(g) 

Fat 
(g) 

Carbohy
drate(g) 

Moisture 
(g) 

Ash 
(g) 

Kung Foi Shub 
Pang Tod  
Kung Jom 
Kaeng Kua Hoi 
Khom2 
Pla Ra sub 
Pad Hoi Lai 

445 
     
102 
135+28* 
       
  75 
191 

13.2 
   
 8.0 
 5.5+0.6* 
   
 8.7 
 6.7 

31.9 
     
 1.2 
 9.5+3.8* 
    
  0.9 
13.2 

26.3 
   
14.8 
 6.9+1.0* 
    
  7.9 
11.5 

  24.0 
   
  70.1 
  74.1+1.9* 
   
  69.9 
  63.7 

  4.7 
  
 6.0 
 4.1+1.2* 
 
12.5 
  5.0 

* Means+SD  

2 Values are the means+SD of three determinations (n=3) 
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                C. Fatty Acid Composition 

                Data on fatty acid composition as % of total fatty acid of Central and 

Bangkok dish are shown in Table 25. They were curry with coconut milk dish (Kaeng 

Kua Hoi Khom), stir-fried dish (Pad Hoi Lai), fried dish (Kung Foi Shub Pang Tod) 

and dip dish (Kung Jom and Pla Ra Sub). For Kaeng Kua Hoi Khom, a large 

percentage of SFA was 87% of total fatty acid, which contained lauric acid 46% as 

main composition of SFA that resulted from coconut milk. Moreover, capric acid, 

myristic acid and palmitic acid were 4%, 18% and 12%, respectively. A small 

percentage of MUFA was low, oleic acid (9%) was the major composition of MUFA 

also linoleic acid was the major composition of PUFA which contained 4%. 

                As we compared the fatty acid compositions between Pad Hoi Lai and Kung 

Foi Shub Pang Tod. Percentage of SFA ranged from 40-45. Palmitic acid and stearic 

acid were the major SFA in these dish which ranged from 35-38% and 3-4%, 

respectively. MUFA ranged from 43-46%, oleic acid (43-44%) was the major 

composition of MUFA also linoleic acid was the major composition of PUFA which 

contained 12-13%. 

                As we compared the fatty acid compositions between Kung Jom and Pla Ra 

Sub. Percentage of SFA ranged from 41-49 which contained myristic acid (4-5%), 

palmitic acid (27-34%), stearic acid (6-8%) and arachidic acid (2-3%). MUFA ranged 

from 27-28%, palmitoleic acid and stearic acid were the major composition of MUFA 

found in these dishes which ranged from 8% and 18-19%, respectively. PUFA ranged 

from 22-29% which contained linoleic acid and linolenic acid ranged from 8-12% and 

7%, respectively. 
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Table 25 Fatty acid composition (% of total fatty acids) of Central and Bangkok dish  

                (per 100 g)  

Fatty acid % of total fatty acids 

 
Kaeng Kua 
Hoi Khom2 Pad Hoi Lai Kung Jom Pla Ra Sub 

Kung Foi 
Shub Pang 

Tod 
C  6:0 0 0 0 0 0 
C  8:0 3.3+1 0 0 0 0 
C 10:0 4.0+1.3 0 0 0 0 
C 12:0 46.0+3.5 0.9 0 0 0.6 
C 14:0 18.1+2.4 1.2 4.3 4.8 1.2 
C 16:0 12.1+0.7 38.4 33.7 26.8 34.9 
C 18:0 3.4+0.3 3.7 7.8 6.1 3.2 
C 20:0 0.1+0.2 0.3 2.4 2.8 0.2 
C 22:0 0 0 0.2 0.2 0 
C 24:0 0 0 0.5 0.5 0 
Total SFA 87.0+2.4 44.5 48.9 41.2 40.1 
C 14:1 0 0 0.5 1.0 0 
C 16:1 0 0 8.2 8.4 0.9 
C 18:1 9.0+0.5 43.1 18.9 18.0 44.4 
C 20:1 0.0+0.1 0.3 0 0 0.4 
C 22:1 0 0 0 0 0 
C 24:1 0 0 0 0 0 
Total MUFA 9.0+0.5 43.4 27.6 27.4 45.7 
C 18:2,n6 3.5+1.6 11.6 8.4 12.2 13.2 
C 18:3,n6 0.3+0.4 0.4 1.3 0.7 0.5 
C 18:3,n3 0 0 5.3 6.0 0 
C 20:2,n6 0 0 1 1.2 0 
C 20:3,n6 0.1+0.2 0 0.8 1.5 0 
C 20:3,n3 0 0 1.5 1.1 0 
C 20:4,n6 0.0+0.1 0 1.4 2.5 0 
C 20:5,n3 0 0.2 0.7 1.9 0.3 
C 22:6,n3 0 0 1.5 2.3 0 
Total PUFA 4.0+2.1 12.2 21.9 29.4 14.0 
total n-3 0 0.2 9.0 11.3 0.3 
total n-6 4.0+2.1 12.0 12.9 18.1 13.7 
P/M/S ratio 0.0/0.1/1.0+1 0.3/1.0/1.0 0.4/0.5/1.0 0.7/0.6/1.0 0.4/1.1/1.0 
SFA in g% 5.2+1.9 5.9 0.3 0.3 9.5 
MUFA in g% 0.5+0.2 5.7 0.2 0.2 10.8 
PUFA in g% 0.2+0.1 1.6 0.1 0.2 3.3 

2 Values are the means+SD of three determinations (n=3) 
0: Values are zero 
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                D. Cholesterol Content  

                Cholesterol content of Central and Bangkok dishes per 100 g is shown in 

Table 26. The cholesterol content ranged from 21.8 mg/100g of dish (Pla Ra Sub) to 

146.5 mg/100g (Kung Foi Shub Pang Tod). 

 
Table 26 Cholesterol content of Central and Bangkok dish (per 100 g)  

Food name Cholesterol(mg) 
Kung Foi Shub Pang Tod  
Kung Jom 
Kaeng Kua Hoi Khom2 
Pla Ra sub 
Pad Hoi Lai 

                           146.5 
                             38.8 
                             29.2+5.8* 
                             21.8 
                             30.6 

* Means+SD  

2 Values are the means+SD of three determinations (n=3) 
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                5.1.5.2 Nutrient Composition Per Serving 

                Nutrient composition of Central and Bangkok dish per serving are shown in 

Table 27. The serving size of each dish can be classified according to three different 

references; amount of serving size by Pattaya Maruekin, weighing from preparation of 

sample in this study and estimation by compared the dish with other dish that had the 

same method of cooking and reference amounts was known. The calcium content per 

serving of dish ranged from 227.6 mg to 928.6 mg in Pad Hoi Lai and Kaeng Kua 

Khom, respectively which was equivalent to 29 % and 116 % of the Thai RDI. All of 

them were considered as an excellent source of calcium because it contained more 

than 20 % of the value recommended by the Thai RDI (50), but the high sodium 

content of more than 360 mg/serving was warranted except Kung Foi Shub Pang Tod. 

Four out of five analyzed food samples were considered as  an excellent source of 

phosphorus (>20% of Thai RDI) because  they ranged from  190.0-341.4 mg/serving 

which was equivalent to 24-43 % of Thai RDI, but it contained sodium more than 360 

mg/serving was warranted except Kung Foi Shub Pang Tod. Only Kaeng Kua Hoi 

Khom was considered as good source of phosphorus that contained sodium 1078.9 

mg/serving which equivalent to 45 % of Thai RDI. Therefore, these dishes may not be 

a good calcium food.  

                Excellent source of calcium and phosphorus food that contained sodium less 

than 360 mg/serving of Central and Bangkok dish were Kung Foi Shub Pang Tod 

which has potential to develop as high-calcium dishes. Pad Hoi Lai was considered as 

an excellent source of calcium and phosphorus also had optimum ratio of Ca:P, but 

contained sodium 2058.6 mg/serving which equivalent to 86 % of Thai RDI. So, it 

was not recommend as a good calcium food. 

                Proximate composition and energy content of Central and Bangkok dishes 

per serving are shown in Table 27. The protein contribution per serving of food ranged 

from 9.6 g to 13.4 g in Kung Jom and Pad Hoi Lai, respectively which was equivalent 

to 19% and 27% of Thai RDI. The fat contribution per serving ranged from 1.1 g (Pla 

Ra Sub) to 27.1 g (Kung Foi Shub Pang Tod) which was equivalent to 2 % and 42 % 

of Thai RDI. The CHO contribution per serving ranged from 9.5 mg/serving (Pla Ra 

Sub) to 23.0 g (Pad Hoi Lai) which were equivalent to 3 % and 8 % of Thai RDI.  
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                Excellent source of calcium and phosphorus food that contained sodium less 

than 360 mg/serving were Kung Foi Shub Pang Tod. The protein content was 11.2 

g/serving which was equivalent to 22.4 % of Thai RDI but contained fat 27.1 g/serving 

(42 % of Thai RDI) which have potential to develop as high-calcium food. 

Nevertheless, consumers who had hyperlipidemia should be aware of consumption in 

small amount. 

                Fatty acids composition as % of total fatty acid of Central and Bangkok dish 

are shown in Table 25. Kung Foi Shub Pang Tod was considered as an excellent 

source of calcium food that contained sodium less than 360 mg/serving but the ratio of 

P/M/S fatty acid were not meet the ratio 1/1/1.  Main fatty acid compositions of most 

of these dishes were SFA except Pad Hoi Lai and Kung Foi Shub Pang Tod that 

contained the similar amount of MUFA and SFA.  

                The cholesterol contribution per serving of Central and Bangkok dish ranged 

from 26.2 mg (Pla Ra Sub) to 124.5 mg (Kung Foi Shub Pang Tod) which was 

equivalent to 9 % and 42 % of Thai RDI. 

                Excellent source of calcium food that contained sodium less than 360 

mg/serving was Kung Foi Shub Pang Tod but contained cholesterol 124.5 mg/serving 

(42 % of Thai RDI). So, it may have potential to develop as high-calcium food but 
concerned in those who need to restrict cholesterol intake in their diet. 
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        5.1.6 The Potential Calcium Source of Regional Dish  

        Northern dish, seven out of eleven considered as an excellent source of calcium 

but contained sodium more than 360 mg/serving. Nhab Pla contained sodium 297.2 

mg/serving. Kaeng Pak Kad Jor was a good source of calcium and phosphorus but 

contained sodium more than 360 mg/serving. So, these dishes have potential to 

develop as high-calcium by reduced sodium content in Kaenng Pak Kad Jor. 

        Northeastern dish, six out of seven considered as an excellent source of calcium 

but contained sodium more than 360 mg/serving. The sodium content of Mok Pla 

Kaew and Mok Huag were lower than the others. So, these dishes may have potential 

to develop as high-calcium by reduced sodium content in them. 

        Southern dish, only Mok Kei was an excellent source of calcium that contained 

sodium less than 360 mg/serving. So, this dish may have potential to develop as high-

calcium recipe. 

        Central and Bangkok dish, all of them were excellent source of calcium but 

contained sodium more than 360 mg/serving except Kung Foi Shub Pang Tod that 

contained sodium 331.8 mg/serving. So, this dish may have potential to develop as 

high-calcium recipe. 

        From 28 analyzed regional dishes sample of 4 regions of Thailand found that it 

was not enough to be representative of high-calcium recipe. There were a lot of 

potential high-calcium recipe that was not collected. The variation of nutrients in the 

same dish that come from the same and differcnce region also no recipes that calciumn 

not choose be reference. Besides, results from preparation of sample were the variation 

of serving size. Thus, the next step was to find other potential recipes to develop as 

high-calcium recipe. 
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5.2 Development of High-Calcium Recipe 

        5.2.1 Potential High-Calcium Recipe 

        The nutritive values of potential recipes calculated by using INMUCAL computer 

program are shown in Table 28. Not only Nhab Pla (Ab Pla) and Kaeng Pak Kad Jor 

that were analyzed in Section 5.1.2, but also Kaeng Kae Kai and Kaeng Hua Plee Kub 

See Krong Moo had potential to be developed as high calcium dishes for the North. 

However, the sodium content in these dishes was considerably high. For Northeastern 

dish, we could not identify the reference recipe of Mok Pla Kaew and Mok Huag, afer 

observing the recipes of Mok Pla Seu and Pon Kob, these dishes had a potential to be 

developed as high calcium dishes. Also Lab Pla Duk, Kaeng Yod Fuk Tong, Oom Pla 

Duk and Kaeng Nhoa Mai Kub Bai Ya Nang were also considered as the local dishes 

that can be high calcium dishes but the sodium content should be reduced in Oom Pla 

Duk. For Southern dish, almost of the Southern dishes can be good source of calcium 

but the sodium content were warranted. The recommended dish such as Luk Kluk Kua 

Kreuang, Kaeng Liang Pak Som Rom, Yam Ooa Dib, Kaeng Pla Yang Kub Med Ka-

Noon, Pad Toa, Ka Bu Ya Tong, Pla Ja and Lhon Jing Jung, these dishes had a 

potential to be developed as high calcium dishes. In Central and Bangkok, Nam Prik 

Ma-Kam Sod Pad Sai Moo, Kaeng Liang, Pad Ped Pla Duk and Kaeng Khiao Wan 

Luk Chin Pla Krai, these dishes had a potential to be developed as high calcium 

dishes, Lhon Tao Jiaw and Yam Pla Too were also considered as the local dishes that 

can be high calcium dishes but the sodium content should be reduced.  

        To increase the acceptability of the newly developed high calcium dishes, one 

should keep in mind that the appearance and taste of the dishes should be the same as 

the original dishes after adding calcium source into the dishes. 
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Table 28 Nutritive value of potential recipe as calculated by INMUCAL program 

Nutrient/serving 

Recipe 
serving 
size(g) 

Ca 
(mg) 

Na 
(mg) 

Cholesterol 
(mg) 

North     
Ab Pla (แอบปลา) 90 94.7 83.8 0 
Keng Pak Kad Jor (แกงผักกาดจอ) 220 67.4 1312.9 19.0 
Kaeng Kae Kai (แกงแคไก) 220 123.2 582.5 29.0 
Nam Prik Oong (น้ําพริกออง) 35 6.9 504.8 3.4 
Kaeng Hung Le (แกงฮังเล) 230 36.7 504.7 58.0 
Kaeng Hoe (แกงโฮะ) 120 36.8 1237.3 24.6 
Kaeng Hua Plee Kub See Krong Moo 
(แกงหัวปลีกับซี่โครงหมู) 250 49.8 1427.4 17.9 
Northeast     
Mok Pla Seu (หมกปลาซิว) 90 76.7 1046.1 0 
Pon Kob (ปนกบ) 90 55.6 398.1 26.9 
Lab Pla Duk (ลาบปลาดุก) 90 59.6 677.8 83.4 
Kaeng Yod Fuk Tong (แกงยอดฟกทอง) 200 128.8 192.8 101.1 
Nam Prik Pla Ra (น้ําพริกปลารา) 30 17.3 12.2 23.2 
Oom Pla Duk (ออมปลาดุก) 200 110.4 1079.6 139.0 
Kaeng Nhoa Mai Kub Bai Ya Nang 
(แกงหนอไมกับใบยานาง) 200 72.0 514.7 0 
Jaw Bong (แจวบอง) 30 32.8 421.2 0 
Sup Nhoa Mai (ซุปหนอไม) 90 18.4 354.8 13.6 
South     
Luk Kluk Kua Kreuang  
(ลูกคลักคั่วเคร่ือง) 120 110.1 363.3 0 
Kaeng Liang Pak Som Rom  
(แกงเลียงผักสมรม) 160 129.8 945.2 11.4 
Yam Ooa Dib (ยําออดิบ) 50 122.7 1.6 15.2 
Kaeng Pla Yang Kub Med Ka-Noon 
(แกงปลายางกับเม็ดขนุน) 140 149.2 890.9 0 
Kaeng Pung Pla [แกงพุงปลา(ไตปลา)] 100 50.2 1053.3 6.8 
Kaeng Ling Kei Kleua  
(แกงเลียงเคยเกลือ) 110 222.4 2697.5 22.7 
Kaeng Liang Nhoa Kha  
(แกงเลียงหนอขา) 230 262.3 1326.3 15.2 
Kaeng Liang Hua Prao Kub Pla Yang 
(แกงเลียงหัวพราวกับปลายาง) 110 99.8 971.7 0 

 



Fac. of Grad. Studies, Mahidol Univ.                            M.Sc. (Food and Nutrition for Development) / 81 
 
Table 28 Nutritive value of potential recipe as calculated by INMUCAL program 

                (cont.) 

Nutrient/serving 

Recipe 
serving 
size(g) 

Ca 
(mg) 

Na 
(mg) 

Cholesteol 
(mg) 

South (cont.)     
Tom Kem Luk Kluk (ตมเค็มลูกคลัก) 210 72.9 1492.6 0 
Tom Som Pla Jing Jang  
(ตมสมปลาจิ้งจัง) 130 89 1275.7 0 
Pad Toa [ผัดตอ(สะตอ)] 90 58.7 685.3 22.9 
Ka Bu Ya Tong (กาบูยาตง) 130 104.5 523.5 0 
Yam Tua Poo (ยําถั่วพู) 50 99.9 1037.2 8.4 
Yam Nam Kei (ยําน้ําเคย) 40 157.4 2100.6 0 
Pla Ja (ปลาจา) 100 76.1 416.2 36.2 
Nhob Kung Ten (งบกุงเตน) 60 382.5 1078.7 13.1 
Nam Kei Song Kreuang  
(น้ําเคยทรงเครื่อง) 120 117.0 3390.6 6.4 
Lhon Jing Jang (หลนจิ้งจัง) 100 126.5 0.7 0 
Central & Bangkok     
Nam Prik Ma-Kam Sod Pad Sai Moo 
(น้ําพริกมะขามสดผัดใสหมู) 30 88.0 487.0 30.0 
Kaeng Liang (แกงเลียง) 250 128.0 581.0 51.0 
Lhon Tao Jiaw (หลนเตาเจี้ยว) 125 68.1 21.0 28.5 
Yam Pla Too (ยําปลาทู) 50 64.9 174.2 24.4 
Kaeng Pa Pla Duk Yang  
(แกงปาปลาดุกยาง) 100 89.9 1022.4 97.5 
Kaeng Som Pla Shon Tod  
(แกงสมปลาชอนทอด) 160 71.4 1025.6 89.1 
Chu Chi Pla Too Sod (ฉูฉี่ปลาทูสด) 160 69.9 1024.1 47.5 
Kaeng Kua Sub Pa Rod  
(แกงคั่วสับปะรด) 170 60.3 964.7 0 
Kaeng Moo Tae Po (แกงหมูเทโพ) 210 84.8 1432.1 44.0 
Pa Nang Moo (แพนงหมู) 180 75.4 1623.1 25.0 
Pad Prik King (ผัดพริกขิง) 90 28.9 674.5 25.0 
Pad Ped Pla Duk (ผัดเผ็ดปลาดุก) 130 97.0 803.0 57.0 
Kaeng Khiao Wan Luk Chin Pla Krai 
(แกงเขียวหวานลูกชิ้นปลากราย) 180 62.0 693.0 42.0 
Hau Mok Pla Chon (หอหมกปลาชอน) 150 60.0 414.0 54.0 
Tod Man Pla Krai (ทอดมันปลากราย) 85 51.0 363.0 56.0 
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        5.2.2 Selected High-Calcium Recipe 

        A list of Southern dish, Central and Bangkok dish were selected from the result 

of direct analysis of the food samples collected from different local areas. However, 

the Northern and Northeastern dish were identified after calculating the nutritive value 

from the selected recipe books. The results of each reference were compared and 

selected the recipe that give the maximum value of calcium as well as the ingredients 

were still the same as original dishes (see Appendix B). Two recipes were chosen for 

each region except Central and Bangkok had four recipes are shown in Table 29.  

Table 29 List of selected recipes in Thai and English name 

Thai name English name Description 
Ab Pla (แอบปลา) Curried fish roasted in banana  

leaf 
Roasted curried fish with kaffir lime  
leaf  

Kaeng Pak Kad Jor (แกงผักกาดจอ) Sour soup with Chinese 
cabbage, flowers  

Tooa-nao with soup cooked with  
Chinese cabbage and pork spareribs 

Mok Pla Seu (หมกปลาซิว) Curried fish roasted in banana  
leaf 

Roasted curried fish with hairy basil  
leaf  

Pon Kob (ปนกบ) Frog dipping sauce Spicy chili dip with frog 
Luk Kluk Kua Kreuang 
(ลูกคลักคั่วเคร่ือง) 

Curried fish roasted with turmeric roasted curried fish with turmeric 

Kaeng Liang Pak Som Rom 
 (แกงเลียงผักสมรม) 

Southern style vegetable soup Soup cooked with dry pepper paste and 
mix vegetables (banana flowers, yard 
long bean, pak-waan)  

Nam Prik Ma-Kam Sod Pad  
Sai Moo(น้ําพริกมะขามสดผัดใสหม)ู 

Stir-fried fresh tamarind dip 
with pork 

Stir-fried chili dip with fresh tamarind  
and pork 

Kaeng Liang (แกงเลียง) Central style vegetable soup Soup cooked with dry pepper paste 
and mix vegetables (pumpkin, hairy 
basil leaves, mushroom, bottle-gourd)  

Pad Ped Pla Duk (ผัดเผ็ดปลาดุก) Spicy stir-fried catfish Stir-fried catfish with coconut milk and 
red curry paste 

Kaeng Khiao Wan Luk Chin Pla 
Krai(แกงเขียวหวานลูกชิ้นปลากราย) 

Green curry with fish balls Green curry with coconut milk cooked 
with fish balls and round aubergines 
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        5.2.3 Calcium and Sodium Content of High-Calcium Recipes 

        The calcium and sodium content of selected high-calcium recipe were analyzed 

and the results are shown in Table 30. The serving sizes were estimated by using the 

criteria stated in the Method Section. The calcium content in Ab Pla, Mok Pla Seu and 

Luk Kluk Kua Kreuang were different. From the value obtained by calculation, lower 

than the analyzed value. These discrepancies could be explained by the errors of 

calculation resulted from incomplete database. 

Table 30 Nutrient composition in selected recipes (per serving) 

Recipe 
serving 
size (g) 

 
Nutrient/serving 

  Ca(mg) 1 Na(mg) 1 Cholesterol(mg) 

North     

Ab Pla 90 94.9(816.5) 116.3(583.8) 98.8 

Kaeng Pak Kad Jor 220 67.4(127.2) 1312.9(607.1) 19.0 

Northeast     

Mok Pla Seu 90 76.7(754.9) 1046.1(638.5) 0 

Pon Kob 90 55.6(147.6) 398.1(360.9) 26.9 

South     
Luk Kluk Kua 
Kreuang 120 110.1(1045.5) 363.3(522.7) 0 
Kaeng Liang Pak 
Som Rom 160 129.8(72.7) 945.2(349.6) 11.4 

Central & Bangkok     
Nam Prik Ma-Kam 
Sod Pad Sai Moo 30 88.0(88.7) 487.0(415.5) 30.0 

Kaeng Liang 250 128.0(245.1) 581.0(968.3) 51.0 

Pad Ped Pla Duk 130 97.0(174.1) 803.0(727.7) 57.0 
Kaeng Khiao Wan 
Luk Chin Pla Krai 180 62.0(60.0) 693.0(669.2) 42.0 

1 The number in parenthesis was analysed data, the number not in parenthesis was calculated data 
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        5.2.4 Added Calcium to Selected Recipe 

        From Table 31 are shown calcium content of selected calcium source. The 

calculated value of added calcium for each recipe was calculated as shown in Table 

32. The calcium content from Laboratory analysed was higher than the criterion 

(Ca>180 mg/serving) in 3 potential recipes such as Ab Pla, Mok Pla Seu and Luk Kluk 

Kua Krueang. So, these 3 recipes were not added calcium source, but replaced fish 

meat with Pla Seu and replaced some salt with fish sauce for decreased sodium 

content. The other recipes developed by added or replaced Kung Hang with Kung 

Kaew and Pla Pon which concerned the flavor and appearance characteristics still 

accepted. 

 
Table 31 Calcium content of selected calcium source  

Food Name Wt.(g)/1 tbsp Calcium content 

  mg/100g mg/1 tbsp 

Kung Kaew 2.8 3059.4 85.1 

Pla Pon 4.5 4441.5 219.0 
 
Table 32 Added calcium content in selected recipes 

Recipe Added (g/serving) Sum of calcium (mg) 
Ab Pla - 816.54 
Kaeng Pak Kad Jor Kung Kaew 1 ½ tbsp, 3.8 g 67.35+116.26=183.61 
Mok Pla Seu - 754.9 
Pon Kob Pla Pon 3/5 tbsp, 2.9 g 55.63+128.8=184.43 
Luk Kluk Kua Kreuang - 1045.54 
Kaeng Liang Pak Som Rom Kung Kaew 1 1/2 tbsp, 4 g 72.68+121.57=194.25 
Nam Prik Ma-Kam Sod Pad 
Sai Moo 

Kung Kaew 2 tbsp, 5.4 g 88+(-16.99+164.12)=235.13 

Kaeng Liang Kung Kaew 1 ½ tbsp, 4.6 g 128+(-84.97+140.73)=183.76 
Pad Ped Pla Duk Pla Pon 1tsp, 2 g 97+88.82=185.82 
Kaeng Khiao Wan Luk Chin 
Pla Krai 

Pla Pon 2 tbsp, 3 g 60.03+133.2=193.23 
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        5.2.5 Acceptability Test 

        The high-calcium recipes of 10 dishes were developed as shown in Appendix C 

and the figures of all recipes were shown in Figure 1. Besides, 10 developed high-

calcium recipe were test for the acceptable as shown in Table 33. A percentage of 

acceptance were ranged from 61 (Mok Pla Seu) to 100 (Ab Pla and Kaeng Liang Pak 

Som Rom). 

 

Table 33 Acceptability test of selected recipes 

Sensory acceptability Recipe 
Total (No.) Accept (No.) 

% Accept 

Ab Pla 14 14 100 
Kaeng Pak Kad Jor 17 13 77 
Mok Pla Seu 18 11 61 
Pon Kob 14 9 64 
Luk Kluk Kua Kreuang 14 13 93 
Kaeng Liang Pak Som Rom 14 14 100 
Nam Prik Ma-Kam Sod 
Pad Sai Moo 

 
14 

 
         11 

 
79 

Kaeng Liang 17 14 82 
Pad Ped Pla Duk 17 14 82 
Kaeng Khiao Wan Luk  
Chin Pla Krai 

 
14 

 
         11 

 
79 
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Figure 1 Ten developed high-calcium recipes 
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Figure 1 Ten developed high-calcium recipes (cont.) 
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        5.2.6 Nutrient Composition of Developed High-Calcium Recipes 

        These 10 developed high-calcium recipes were analyzed in the laboratory.  

                5.2.6.1 Nutrient Composition Per 100 g 

                A. Mineral Composition         

                Mineral compositions of 10 developed high-calcium recipes as per 100 g 

wet weight are shown in Table 34. The calcium content ranged from 100.3 mg/100g 

(Kaeng Liang Pak Som Rom) to 1630.1 mg/100g (Luk Kluk Kua Kreuang). The 

phosphorus (P) content ranged from 51.4 (Kaeng Liang Pak Som Rom) to 849.2 

mg/100g (Luk Kluk Kua Kreuang). The sodium (Na) content ranged from 254.0 

mg/100g (Kaeng Liang) to 1352.5 mg/100g (Nam Prik Ma-Kam Sod Pad Sai Moo). 

The magnesium (Mg) content ranged from 28.8 mg/100g (Kaeng Liang Pak Som 

Rom)to 123.8 mg/100g (Nam Prik Ma-Kam Sod Pad Sai Moo).The recommended 

ratio of Ca:P was 1-1.5:1 (49) for better calcium absorption. The results showed that 

Kaeng Pak Kad Jor, Pon Kob and Kaeng Khiao Wan Luk Chin Pla Krai had optimum 

ratio of calcium to phosphorus, 1.4:1, 1.3:1 and 1.1:1, respectively. 

Table 34 Mineral composition of developed high-calcium recipes * (per 100 g wet  

                weight)   

Recipe 
Ca 

(mg) 
P 

(mg) 
Na 

(mg) 
Mg 

(mg) 
 

Ca:P 
Ab Pla   1178.7+51.8   610.4+17.3 837.4+11.7    57.9+1.6 1.9:1 
Kaeng Pak Kad Jor     100.4+7.4     69.8+3.1 331.2+32.2    29.6+1.0 1.4:1 
Mok Pla Seu  1007.3+82.4   526.3+24.1 869.4+71.7    51.9+3.4 1.9:1 
Pon Kob    283.9+104.6   222.7+54.3 333.0+142.0    33.2+4.3 1.3:1 
Luk Kluk Kua 
Kreuang 

           
 1630.1+121.7   849.2+45.7 737.0+129.6    74.2+3.3 

 
1.9:1 

Kaeng Liang Pak 
Som Rom     100.3+2.4      51.4+2.4 254.3+6.9    28.8+2.6 

 
2.0:1 

Nam Prik Ma-Kam 
Sod Pad Sai Moo     621.0+11.1    247.7+1.4 1352.5+18.6  123.8+4.6 

 
2.5:1 

Kaeng Liang     111.8+9.7      70.0+5.2 254.0+44.4    30.8+1.9 1.6:1 
Pad Ped Pla Duk     154.1+23.3    174.5+16.0 448.1+87.4    48.9+3.2 0.9:1 
Kaeng Khiao Wan 
Luk Chin Pla Krai     102.1+0.6    102.4+3.9 310.5+18.5    35.3+3.7 

 
1.0:1 

*Values are the means+SD of three determinations (n=3) 
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                B. Proximate Composition  

                Proximate composition and energy content of 10 developed high-calcium 

recipes as per 100 g wet weight are shown in Table 35. The energy content ranged 

from 23 kcal/100g of food (Kaeng Liang Pak Som Rom) to 484 kcal/100g (Luk Kluk 

Kua Kreuang). The protein content ranged from 2.6 g/100g (Kaeng Liang Pak Som 

Rom) to 23.7 g/100g (Luk Kluk Kua Kreuang). The minimum amount of fat content 

ranged from 0.2 g/100g (Kaeng Liang Pak Som Rom) to 40.5 g/100g (Luk Kluk Kua 

Kreuang). CHO content was found in these foods ranging from 2.1 g/100g (Ab Pla) to 

28.8 g/100g (Nam Prik Ma-Kam Sod Pad Sai Moo).  

Table 35 Proximate composition and energy content of developed high-calcium 

                recipes* (per 100 g wet weight)  

Recipe 
Energy 
(kcal) 

Protein 
(g) 

Fat 
(g) 

Carbohy 
drate(g) 

Moisture 
(g) 

Ash 
(g) 

Ab Pla      164+9 16.0+0.7    10.2+0.7     2.1+0.7     64.3+1.4     7.5+0.2 
Kaeng Pak Kad Jor        83+3      6.7+0.4      4.7+0.2     3.3+0.4    83.0+1.1     2.3+0.3 
Mok Pla Seu      161+7   14.8+1.0   10.1+0.4    2.7+0.5    65.1+1.5    7.3+0.3 
Pon Kob     97+13 14.5+1.8      2.4+0.5 4.3+3.2    75.9+4.5     2.9+0.8 
Luk Kluk Kua 
Kreuang      484+4 23.7+0.6    40.5+0.5     6.2+1.1     20.9+0.7     8.8+0.6 
Kaeng Liang Pak 
Som Rom        23+2      2.6+0.2      0.2+0 2.6+0.3     92.9+0.4 1.8+0.1 
Nam Prik Ma-Kam 
Sod Pad Sai Moo      278+7 15.0+0.5    11.4+0.4   28.8+0.7     35.9+1.4     8.9+0.1 
Kaeng Liang        33+2      3.6+0.1      0.3+0     3.9+0.5     90.2+0.5     2.0+0.3 
Pad Ped Pla Duk      211+5 10.3+1.1    14.1+0.7   10.5+0.2     61.6+1.2     3.4+0.4 
Kaeng Khiao Wan 
Luk Chin Pla Krai      140+3      7.6+0.6      9.9+0.6     5.1+0.4    75.3+0.7     2.2+0.2 
*Values are the means+SD of three determinations (n=3) 
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                C. Fatty Acid Composition 

                Fatty acids composition of 10 developed high-calcium recipe as % of total 

fatty acids are shown in Table 36. As comparison between roasted dish (Ab Pla and 

Mok Pla Seu), a large percentage of SFA ranged from 48-49. Palmitic acid and stearic 

acid that were the major in SFA which ranged from 31-32% and 12%, respectively. 

MUFA ranged from 30-31%. Main composition of MUFA were found in palmitoleic 

acid and oleic acid which ranged from 5% and 25-26%, respectively. Twenty-one 

percent of PUFA which contained linoleic acid (9%) and linolenic acid (4%). 

                Kaeng Pak Kad Jor contained 38% of SFA which found palmitic acid (24%) 

and stearic acid (12%) as main component. MUFA was 36% which found 34% of 

oleic acid. As same as 25% of PUFA which found in linoleic acid (22%). 

                Pon Kob contained 36% of SFA which found palmitic acid (25%) and 

stearic acid (7%) as main component. MUFA was 33% which found palmitoleic acid 

and oleic acid 5% and 26%, respectively. Thirty-two percent of PUFA were found in 

linoleic acid (19%) and decahexanoic acid (7%). 

                Luk Kluk Kua Kreuang contained 30 % of SFA, which found palmitic acid 

(19%) and stearic acid (8%) as main component. MUFA was 27% which found 24% 

of oleic acid. Forty-three percent of PUFA which found linoleic acid (35%) and 

linoleic acid (5%) as main component. 

                As comparison between soup dish (Kaeng Liang Pak Som Rom and Kaeng 

Liang), SFA ranged from 38-42%. Palmitic acid and stearic acid that were the major in 

SFA which ranged from 23-27% and 8-9%, respectively. MUFA ranged from 10-13% 

which found oleic acid (6-10%). A large percentage of PUFA ranged from 47-49% 

which found linoleic acid (18-22%) linolenic acid (14-18%) and decahexaenoic acid 

(5%). 

                Nam Prik Ma-Kam Sod Pad Sai Moo contained 23% of SFA which found 

palmitic acid (14%) and stearic acid (6%) as main component. MUFA was 25% which 

found 24% of oleic acid. Fifty-two percent of PUFA were linoleic acid (46%) and 

linoleic acid (6%). 

                Pad Ped Pla Duk contained 65% of SFA which found lauric acid (25%), 

myristic acid (12%) that resulted from coconut milk, palmitic acid (17%) and stearic 
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acid (6%). MUFA was 22% which found 20% of oleic acid. As same as 14% of PUFA 

which found 11% of linoleic acid. 

                Kaeng Khiao Wan Luk Chin Pla Krai contained 88% of SFA which found 

lauric acid (44%) as main component. The others fatty acids were myristic acid, 

palmitic acid and stearic acid 20%, 12% and 5%, respectively. MUFA were 9% which 

found oleic acid 8% as same as 3% of PUFA which contained 2% of linoleic acid. 
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Table 36 Fatty acid composition (% of total fatty acids) in developed high-calcium  
               recipes* 
 

Fatty acid % of total fatty acids 

 Ab Pla 
Kaeng Pak 

Kad Jor Mok Pla Seu Pon Kob 
Luk Kluk 

Kua Kreuang 
C  6:0 0 0 0 0 0 
C  8:0 0 0 0 0 0 
C 10:0 0 0.1+0.1 0 0 0 
C 12:0 0.5+0.1 0.4+0.2 0.6+0.2 0.1+0.1 0.3+0.1 
C 14:0 3.5+0.2 1.8+0.7 3.5+0.1 2.0+0.3 1.5+0.1 
C 16:0 31.9+0.5 23.8+0.6 31.3+0.2 25.4+0.9 19.3+0.1 
C 18:0 11.8+0.3 11.6+0.2 11.6+0.2 7.2+0.7 7.8+0.3 
C 20:0 0.7+0 0.4+0 0.7+0 0.4+0 0.6+0 
C 22:0 0.3+0 0.2+0.1 0.3+0 0.1+0.1 0.4+0.1 
C 24:0 0.2+0 0.1+0.1 0.2+0 0.6+0.3 0.2+0 
Total SFA 48.9+0.9 38.3+1.7 48.3+0.6 35.9+1.9 30.1+0.5 
C 14:1 0.2+0.1 0 0.2+0.2 0.1+0.1 0.2+0.1 
C 16:1 5.0+0.1 1.6+0.2 4.8+0.2 5.3+0.8 2.0+0.1 
C 18:1 24.7+0.7 34.0+0.4 25.9+0.2 26.2+3.6 24.4+0.3 
C 20:1 0.4+0 0.7+0.1 0.4+0 0.8+0.1 0.3+0 
C 22:1 0 0 0 0.0+0.1 0 
C 24:1 0 0 0 0.1+0.1 0 
Total MUFA 30.3+0.7 36.3+0.3 31.3+0.3 32.5+2.7 26.9+0.2 
C 18:2,n6 8.7+0.2 21.6+0.9 9.4+0.2 19.3+0.9 34.9+0.7 
C 18:3,n6 0.4+0.2 0.1+0.1 0.3+0 0.2+0.1 0.1+0 
C 18:3,n3 4.2+0.2 2.6+0.4 4.2+0.2 1.3+0.2 5.2+0.1 
C 20:2,n6 0.3+0 0.4+0 0.3+0 0.6+0.1 0.1+0.1 
C 20:3,n6 0 0 0 0 0 
C 20:3,n3 2.9+0.1 0.4+0.1 2.6+0.2 2.0+0.2 1.1+0 
C 20:4,n6 0 0 0 0 0 
C 20:5,n3 1.5+0.1 0.1+0 1.3+0.1 1.7+0.4 0.6+0 
C 22:6,n3 2.6+0.1 0.3+0.2 2.3+0.2 6.5+1.5 0.9+0.1 
Total PUFA 20.7+0.3 25.4+1.3 20.5+0.5 31.6+2.1 43.0+0.8 
total n-3 11.3+0.4 3.4+0.5 10.5+0.5 11.5+1.9 7.9+0.1 
total n-6 9.4+0.2 22.1+0.9 10+0.2 20.1+0.9 35.1+0.7 
P/M/S ratio 0.4/0.6/1.0+0.3 0.7/1.0/1.0+0.7 0.4/0.7/1.0+0.2 0.9/0.9/1.0+0.4 1.4/0.9/1.0+0.3 
SFA in g% 2.0+0.3 1.1+0.2 2.2+0.1 0.4+0.2 6.7+0.1 
MUFA in g% 1.2+0.1 1.1+0.1 1.4+0 0.3+0.2 6.0+0.1 
PUFA in g% 0.8+0.1 0.7+0.1 0.9+0 0.3+0.2 9.6+0.4 
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Table 36 Fatty acid composition (% of total fatty acids) in developed high-calcium        
                recipes* (cont.) 
 

Fatty acid % of total fatty acids 

  

Kaeng Liang 
Pak 

Som Rom 

Nam Prik Ma-
Kam Sod Pad 

Sai Moo Kaeng Liang 
Pad Ped Pla 

Duk 

Kaeng 
Khiao Wan 
Luk Chin 
Pla Krai 

C  6:0 0 0 0 0 0 
C  8:0 0 0.0+0.1 0 1.7+1.3 2.7+1.5 
C 10:0 0.0+0.1 0.0+0.1 0 2.5+0.4 4.3+0.6 
C 12:0 0.3+0.2 0.4+0.3 0.3+0.1 25.0+0.9 44.4+1.4 
C 14:0 1.7+0.4 0.7+0.1 1.2+0.2 11.7+0.8 20.0+0.7 
C 16:0 26.9+0.5 13.8+0.1 23.2+1.1 17.2+0.4 12.0+1.0 
C 18:0 7.8+0.5 6.4+0.2 9.3+0.6 6.2+0.6 4.5+0.4 
C 20:0 1.9+0.2 0.6+0.1 1.8+0.3 0.2+0 0.2+0.1 
C 22:0 1.8+0.2 0.5+0 1.1+0.8 0.0+0.1 0 
C 24:0 1.5+0.2 0.2+0 1.0+0.2 0.1+0.1 0.0+0.1 
Total SFA 41.9+0.8 22.5+0.5 37.9+1.5 64.6+0.3 88.1+1.4 
C 14:1 0.1+0.1 0.1+0.1 0.1+0 0 0.0+0.1 
C 16:1 2.6+0.1 0.5+0 2.8+0.3 1.5+0.3 0.4+0.2 
C 18:1 6.2+1.6 24.1+0.3 9.7+1.6 20.0+0.2 8.0+0.7 
C 20:1 0.3+0 0.3+0 0.4+0.1 0.2+0 0.0+0.1 
C 22:1 0.6+0.2 0 0.1+0.1 0 0 
C 24:1 0.3+0.1 0 0.3+0 0 0 
Total MUFA 10+1.8 25.0+0.3 13.4+1.6 21.8+0.5 8.5+0.8 
C 18:2,n6 17.9+1.3 45.5+0.4 22.4+0.9 11.4+0.8 2.3+0.4 
C 18:3,n6 0.2+0.1 0.5+0 0.1+0.1 0.4+0.1 0 
C 18:3,n3 17.7+3.4 5.4+0.1 14.2+1.5 0.7+0.1 0.3+0.1 
C 20:2,n6 0.3+0.1 0.1+0 0.4+0.1 0.2+0.1 0 
C 20:3,n6 0.0+0.1 0 0 0 0 
C 20:3,n3 2.3+0.1 0.2+0.1 3.3+0.4 0.5+0.1 0.3+0.1 
C 20:4,n6 0.1+0.1 0 0 0 0 
C 20:5,n3 3.7+0.4 0.3+0 3.2+1.2 0.1+0.1 0.2+0.1 
C 22:6,n3 4.8+0.4 0.3+0.1 5.0+0.9 0.3+0.1 0.4+0.1 
Total PUFA 47.1+2.9 52.3+0.4 48.6+2.2 13.7+0.9 3.4+0.6 
total n-3 28.6+4.1 6.2+0.1 25.6+2.3 1.6+0.2 1.1+0.3 
total n-6 18.5+1.3 46.1+0.4 22.9+0.8 12.1+0.8 2.3+0.4 
P/M/S ratio 1.1/0.2/1.0+1 2.3/1.1/1.0+0.1 1.3/0.4/1.0+0.4 0.2/0.3/1.0+0.3 0.0/0.1/1.0+0.4 
SFA in g% 0.0+0 1.8+0.2 0.0+0 5.7+0.7 5.8+1 
MUFA in g% 0.0+0 1.9+0.2 0.0+0 1.9+0.2 0.6+0 
PUFA in g% 0.0+0 4.1+0.5 0.1+0 1.2+0.2 0.2+0 

*Values are the means+SD of three determinations (n=3) 
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                D. Cholesterol Content  

                Cholesterol content of 10 developed high-calcium recipes per 100g is shown 

in Table 37. The cholesterol content ranged from 16.3 mg/100g of dish (Kaeng Liang 

Pak Som Rom) to 159.2 mg/100g (Ab Pla). 

Table 37 Cholesterol content in developed high-calcium recipes* (per 100g) 

Recipe Cholesterol(mg) 
Ab Pla                        159.2+9.6 
Kaeng Pak Kad Jor                          22.4+2.7 
Mok Pla Seu 143.2+10.5 
Pon Kob                          43.9+12.1 
Luk Kluk Kua Kreuang                        117.8+19.4 
Kaeng Liang Pak Som Rom                          16.3+1.4 
Nam Prik Ma-Kam Sod Pad Sai Moo                        113.2+0.7 
Kaeng Liang                          29.0+1.5 
Pad Ped Pla Duk                          59.0+4.7 
Kaeng Khiao Wan Luk Chin Pla Krai                          23.2+1.7 
* Values are the means+SD of three determinations (n=3) 
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                5.2.6.2 Nutrient Composition of Developed High-Calcium Recipes as 

Per Serving and Serving Size 

                Nutrient composition of developed high-calcium recipes per serving are 

shown in Table 38. The serving size of each dish can classified from difference source 

into 3 groups were amount of serving size by Pattaya Maruekin, weighing from 

preparation of sample in this study and estimation by compared the dish with other 

dish that had the same method of cooking and reference amounts was known. The 

calcium content per serving of dish ranged from 194.0 mg to 978 mg in Kaeng Khiao 

Wan Luk Chin Pla Krai and Luk Kluk Kua Kreuang, respectively which was 

equivalent to 24 % and 122 % of the Thai RDI. All of them were considered as an 

excellent source of calcium because it contained more than 20 % of the value 

recommended by the Thai RDI (50), but the high sodium content of more than 360 

mg/serving was warranted except Pon Kob. Seven out of ten analyzed food samples 

were considered as  an excellent source of phosphorus (>20% of Thai RDI) because  

they ranged from  188.9-509.5 mg/serving which was equivalent to 24-64 % of Thai 

RDI, but it contained sodium more than 360 mg/serving was warranted. Kaeng Pak 

Kad Jor, Kaeng Liang Pak Som Rom and Nam Prik Ma-Kam Sod Pad Sai Moo were 

considered as good source of phosphorus that contained sodium more than 360 

mg/serving which equivalent to 12-17 % of Thai RDI. The magnesium content per 

serving of dish ranged from 33.2 mg to 83.1 mg in Pon Kob and Kaeng Liang, 

respectively which was equivalent to 9.5 % and 23.8 % of the Thai RDI.   

                However, excellent source of calcium and phosphorus food that contained 

sodium less than 360 mg/serving of developed high-calcium recipe was Pon Kob 

which have potential to recommended as high-calcium dishes. Pon Kob and Kaeng 

Khiao Wan Luk Chin Pla Krai were considered as an excellent source of calcium and 

phosphorus also had optimum ratio of Ca:P, but contained sodium 333.0 and 590.0 

mg/serving which equivalent to 13.9 and 24.6 % of Thai RDI.  

                Proximate composition and energy content of developed high-calcium recipe 

per serving are shown in Table 38. The protein contribution per serving of food ranged 

from 5.1 g to 14.5 g in Kaeng Liang Pak Som Rom and Pon Kob, respectively which 

was equivalent to 10.3% and 29.0% of Thai RDI. The fat contribution per serving 

ranged from 0.4 g (Kaeng Liang Pak Som Rom) to 24.3 g (Luk Kluk Kua Kreuang) 
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which was equivalent to 1 % and 37 % of Thai RDI. The CHO contribution per 

serving ranged from 1.4 mg/serving (Ab Pla) to 13.7 g (Pad Ped Pla Duk) which were 

equivalent to 1 % and 5 % of Thai RDI.  

                However, excellent source of calcium and phosphorus food that contained 

sodium less than 360 mg/serving was Pon Kob. The protein content was 14.5 

g/serving which was equivalent to 29.0 % of Thai RDI but contained fat 2.4 g/serving 

(4 % of Thai RDI) which have potential to develop as high-calcium food. 

                From Table 36 as shown fatty acid composition of developed high-calcium 

recipe as % of total fatty acid of developed high-calcium recipe. Pon Kob was 

considered as an excellent source of calcium food that contained sodium less than 360 

mg/serving and the ratio of P/M/S was proper.  Almost of them contained SFA as 

main compositions except Luk Kluk Kua Kreuang and Nam Prik Ma-Kam Sod Pad 

Sai Moo that contained the most of polyunsaturated fat which resulted from soybean 

oil. Besides, Kaeng Liang Pak Som Rom and Kaeng Liang that composed of 

vegetables, so the saturated fat was low that make the ratio of polyunsaturated were 

high.  

                The cholesterol contribution per serving of developed high-calcium recipe 

ranged from 30.7 mg (Pon Kob) to 226.3 mg (Nam Prik Ma-Kam Sod Pad Sai Moo) 

which was equivalent to 10 % and 75 % of Thai RDI. 

                However, excellent source of calcium food that contained sodium less than 

360 mg/serving was Pon Kob which contained cholesterol 30.7 mg/serving (10 % of 

Thai RDI). So, it recommended being high-calcium food. 
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                5.2.6.3 The Amount of Fatty Acids as Gram Per Serving of Developed 

High-Calcium Recipe 

                Data on the amount of saturated fatty acids, monounsaturated fatty acids and 

polyunsaturated fatty acids (g/serving) of ten developed high-calcium recipes was 

shown in Table 39. Pad Ped Pla Duk and Kaeng Khiao Wan Luk Chin Pla Krai 

contained high level of saturated fatty acids (7.4 and 11 g/serving) of which the major 

was lauric acid. Luk Kluk Kua Kreuang contained the highest level of 

monounsaturated fatty acids and polyunsaturated fatty acids which the main 

composition is oleic acid and linoleic acid, respectively.  

 
Table 39 The amount of saturated fatty acids, monounsaturated fatty acids and 

polyunsaturated fatty acids (g/serving) of developed high-calcium recipes 

Recipe SFA MUFA PUFA 
Ab Pla 1.4 0.8 0.6 
Kaeng Pak Kad Jor 2.2 2.2 1.4 
Mok Pla Seu 1.5 1.0 0.6 
Pon Kob 0.4 0.3 0.3 
Luk Kluk Kua Kreuang 4.0 3.6 5.8 
Kaeng Liang Pak Som Rom 0.1 0 0.1 
Nam Prik Ma-Kam Sod Pad Sai Moo 0.7 0.8 1.6 
Kaeng Liang 0.1 0 0.2 
Pad Ped Pla Duk 7.4 2.5 1.6 
Kaeng Khiao Wan Luk Chin Pla Krai 11.0 1.1 0.4 
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        5.2.7 Nutrient Contribution 

        The contribution of nutrient in ten developed high-calcium recipes based on Thai 

RDI is shown in Table 40. The highest energy contribution was in Luk Kluk Kua 

Kreuag (15% of Thai RDI), and followed by Pad Ped Pla Duk and Kaeng Khiao Wan 

Luk Chin Pla Krai (14 and 13% of Thai RDI) as same as the highest fat contribution 

were in them (37, 28 and 29% of Thai RDI, respectively). Kaeng Khiao Wan Luk 

Chin Pla Krai was the highest SFA contribution (55% of Thai RDI), followed by Pad 

Ped Pla Duk and Luk Kluk Kua Kreuang (37 and 20% of Thai RDI). The highest 

cholesterol contribution was in Nam Prik Ma-Kam Sod Pad Sai Moo (75% of Thai 

RDI). Almost of them were high in protein contribution except Kaeng Liang Pak Som 

Rom, Nam Prik Ma-Kam Sod Pad Sai Moo and Kaeng Liang which ranged from (10-

19% of Thai RDI). All recipes contribution was low in carbohydrate. 

        All recipes were high in calcium contribution especially in Ab Pla, Mok Pla Seu 

and Luk Kluk Kua Kreuang which ranged from 88-122% of Thai RDI. Almost of 

them were high in phosphorus contribution except Kaeng Pak Kad Jor, Kaeng Liang 

Pak Som Rom and Nam Prik Ma-Kam Sod Pad Sai Moo which ranged from 12-17% 

of Thai RDI. sodium contribution was high in all of them except Pon Kob and Luk 

Kluk Kua Kreuang were ranging from 14-18% of Thai RDI. The highest magnesium 

contribution was in Kaeng Liang (24% of Thai RDI) and the lowest contribution was 

found in Pon Kob (9% of Thai RDI). 
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Table 40 Percentage contribution of nutrients in developed high-calcium recipes (per 

serving) based on Thai RDI 

 

Recipe Percent Contribution 

 Energy Protein Fat SFA2 Cholesterol CHO3 Ca P Mg Na 

Ab Pla 6 22 11 7 37 0 103 53 12 24 

Kaeng Pak Kad Jor 8 27 15 11 15 2 25 17 17 28 

Mok Pla Seu 6 21 11 7.5 33 1 88 46 10 25 

Pon Kob 5 29 4 2 10 1 35 28 9 14 

Luk Kluk Kua Kreuang 15 28 37 20 27 1 122 64 13 18 
Kaeng Liang Pak Som 
Rom 2 10 1 0.5 11 2 25 13 16 21 
Nam Prik Ma-Kam Sod 
Pad Sai Moo 6 12 7 3.5 75 4 31 12 14 23 

Kaeng Liang 4 19 1 0.5 19 4 38 24 24 29 

Pad Ped Pla Duk 14 27 28 37 26 5 25 28 18 24 
Kaeng Khiao Wan Luk 
Chin Pla Krai 13 29 29 55 15 3 24 24 19 25 

1 Thai RDI for energy  =        2000  kcal/day 
   Thai RDI for protein =        50  g/day 
   Thai RDI for fat  =       65  g/day 
   Thai RDI for saturated fat =       20  g/day 
   Thai RDI for cholesterol =     300 mg/day 
   Thai RDI for carbohydrate = 300  g/day 
   Thai RDI for calcium =  800 mg/day 
   Thai RDI for phosphorus = 800 mg/day 
   Thai RDI for magnesium = 350 mg/day 
   Thai RDI for sodium =        2400 mg/day 
2 SFA                                      =         Saturated fatty acid 
3 CHO                              =         Carbohydrate 
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        5.2.8 Nutrient Composition and Percentage Contribution Based on Thai RDI 

of Set-Plate Dishes: Rice with One Side Dish 

        In general, eating pattern of Thai people consists of rice with one or more side 

dishes. Therefore, data presented in this section were calculated based on one serving 

size of rice combined with one side dish. 

        Nutrient composition and percentage contribution based on Thai RDI of one 

serving size of cooked rice are shown in Table 41. The amount of cooked rice per 

serving is set at 180 gram which equals to one and a half cups (52). Cooked rice 

provided the amount of carbohydrate, protein and energy more than the other nutrient 

composition. By mentioned to nutrient this analyzed in this study. 

        The data on rice with one side dish of ten developed high-calcium recipes are 

shown in Table 42-51. All set-plate dishes increasing in energy, protein and 

carbohydrate contribution. For mineral contribution was changed a little, but not 

different in saturated fat and cholesterol because composition of rice without them. 

        All set-plate dish were high and good source of minerals. Ab Pla and Mok Pla 

Seu are roasted dish. A serving size are equal which are 70 g and nutrients/serving 

were the same. Pon Kob are low fat (3 g/serving) and low saturated fat (0.4 g/serving). 

Kaeng Liang Pak Som Rom and Kaeng Liang contained nutrient/serving were the 

same except cholesterol, protein and mineral content were different which resulted 

from Kung Kaew content and a serving size in Kaeng Liang were higher than in 

Kaeng Liang Pak Som Rom. 
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Table 41 Nutrient composition and percentage contribution based on Thai RDI of 

cooked rice 

Nutrient composition Thai RDI1 Per serving2 Percent Contribution

Energy (kcal) 2000 292 15 

  Energy from fat (kcal) - 9 - 

Total fat (g) 65 1 2 

  Saturated fat (g) 20 - - 

  Cholesterol (mg) 300 - - 

Protein (g) 50 5 10 

Total Carbohydrate (g) 300 66 22 

Calcium (mg) 800 4 1 

Phosphorus (mg) 800 42 5 

Magnesium (mg) 350 7 2 

Sodium (mg) 2400 9 - 
1 Percent Thai Recommended Daily Intake is based on a 2,000 kcal diet 
2 1 serving of rice = 180 g 
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Table 42 Nutrient composition and percentage contribution based on Thai RDI1 of     

                rice with Ab Pla (AP) 

Nutrient composition AP Rice + AP 

  Per serving 
Percent 

contribution Per serving2 
Percent 

contribution 

Energy (kcal) 114 6 406 15 
  Energy from fat    
  (kcal) 63 - 72 - 

Total fat (g) 7 11 8 12 

  Saturated fat (g) 1.4 7 1.4 7 

  Cholesterol (mg) 111 37 111 37 

Protein (g) 11 22 16 32 

Total Carbohydrate(g) 1 0 67 22 

Calcium (mg) 825 103 829 104 

Phosphorus (mg) 427 53 469 59 

Magnesium (mg) 40 12 47 13 

Sodium (mg) 586 24 595 25 
1 Percent Thai Recommended Daily Intake is based on 2,000 kcal diet 
2 A set of  250 g consisted of rice (180 g) and Ab Pla (70 g) 
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Table 43 Nutrient composition and percentage contribution based on Thai RDI1 of 

rice with Kaeng Pak Kad Jor (KPJ) 

Nutrient composition KPJ Rice + KPJ 

  Per serving 
Percent 

contribution Per serving2 
Percent 

contribution 

Energy (kcal) 165 8 457 23 

  Energy from fat (kcal) 81 - 90 - 

Total fat (g) 9 15 10 15 

  Saturated fat (g) 2.2 11 2.2 11 

  Cholesterol (mg) 45 15 45 15 

Protein (g) 13 27 18 36 

Total Carbohydrate (g) 7 2 73 24 

Calcium (mg) 200 25 204 26 

Phosphorus (mg) 140 17 182 23 

Magnesium (mg) 59 17 66 19 

Sodium (mg) 662 28 671 28 
1 Percent Thai Recommended Daily Intake is based on 2,000 kcal diet 
2 A set of  380 g consisted of rice (180 g) and Kaeng Pak Kad Jor  (200 g) 
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Table 44 Nutrient composition and percentage contribution based on Thai RDI1of rice       

                with Mok Pla Seu (MP)  

Nutrient composition MP Rice + MP 

  Per serving 
Percent 

contribution Per serving2 
Percent 

contribution 

Energy (kcal) 113 6 405 20 

  Energy from fat (kcal) 63 - 72 - 

Total fat (g) 7 11 8 12 

  Saturated fat (g) 1.5 7.5 1.5 7.5 

  Cholesterol (mg) 100 33 100 33 

Protein (g) 10 21 15 30 

Total Carbohydrate (g) 2 1 68 23 

Calcium (mg) 705 88 709 89 

Phosphorus (mg) 368 46 410 51 

Magnesium (mg) 36 10 43 12 

Sodium (mg) 609 25 618 26 
1 Percent Thai Recommended Daily Intake is based on 2,000 kcal diet 
2 A set of  250 g consisted of rice (180 g) and Mok Pla Seu (70 g) 
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Table 45 Nutrient composition and percentage contribution based on Thai RDI1 of 

rice with Pon Kob (PK) 

Nutrient composition PK Rice + PK 

  Per serving 
Percent 

contribution Per serving2 
Percent 

contribution 

Energy (kcal) 97 5 389 19 

  Energy from fat (kcal) 18 - 27 - 

Total fat (g) 2 4 3 5 

  Saturated fat (g) 0.4 2 0.4 2 

  Cholesterol (mg) 31 10 31 10 

Protein (g) 14 29 19 38 

Total Carbohydrate (g) 4 1 70 23 

Calcium (mg) 284 35 288 36 

Phosphorus (mg) 223 28 265 33 

Magnesium (mg) 33 9 40 11 

Sodium (mg) 333 14 342 14 
1 Percent Thai Recommended Daily Intake is based on 2,000 kcal diet 
2 A set of  280 g consisted of rice (180 g) and Pon Kob (100 g) 
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Table 46 Nutrient composition and percentage contribution based on Thai RDI1 of  

                rice with Luk Kluk Kua Kreung (LK) 

Nutrient composition LK Rice + LK 

  Per serving 
Percent 

contribution Per serving2 
Percent 

contribution 

Energy (kcal) 290 15 582 29 

  Energy from fat (kcal) 216 - 225 - 

Total fat (g) 24 37 25 38 

  Saturated fat (g) 4 20 4 20 

  Cholesterol (mg) 82 27 82 27 

Protein (g) 14 28 19 38 

Total Carbohydrate (g) 4 1 70 23 

Calcium (mg) 978 122 982 123 

Phosphorus (mg) 509 64 551 69 

Magnesium (mg) 44 13 51 15 

Sodium (mg) 442 18 551 23 
1 Percent Thai Recommended Daily Intake is based on 2,000 kcal diet 
2 A set of  240 g consisted of rice (180 g) and Luk Kluk Kua Kreuang (60 g) 
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Table 47 Nutrient composition and percentage contribution based on Thai RDI1 of 

rice with Kaeng Liang Pak Som Rom (SR) 

Nutrient composition SR Rice + SR 

  Per serving 
Percent 

contribution Per serving2 
Percent 

contribution 

Energy (kcal) 45 2 337 17 

  Energy from fat (kcal) 0 - 9 - 

Total fat (g) 0 1 1 2 

  Saturated fat (g) 0.1 0.5 0.1 0.5 

  Cholesterol (mg) 33 11 33 11 

Protein (g) 5 10 10 20 

Total Carbohydrate (g) 5 2 71 24 

Calcium (mg) 201 25 205 26 

Phosphorus (mg) 103 13 145 18 

Magnesium (mg) 58 16 65 19 

Sodium (mg) 509 21 518 22 
1 Percent Thai Recommended Daily Intake is based on 2,000 kcal diet 
2 A set of  380 g consisted of rice (180 g) and Kaeng Liang Pak Som Rom (200 g) 
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Table 48 Nutrient composition and percentage contribution based on Thai RDI1 of 

rice with Nam Prik Ma-Kam Sod Pad Sai Moo (NP) 

Nutrient composition NP Rice + NP 

  Per serving 
Percent 

contribution Per serving2 
Percent 

contribution 

Energy (kcal) 111 6 403 20 

  Energy from fat (kcal) 45 - 54 - 

Total fat (g) 5 7 6 9 

  Saturated fat (g) 0.7 3.5 0.7 3.5 

  Cholesterol (mg) 226 75 226 75 

Protein (g) 6 12 11 22 

Total Carbohydrate (g) 12 4 78 26 

Calcium (mg) 248 31 252 32 

Phosphorus (mg) 99 12 141 18 

Magnesium (mg) 50 14 57 16 

Sodium (mg) 541 23 550 23 
1 Percent Thai Recommended Daily Intake is based on 2,000 kcal diet 
2 A set of  220 g consisted of rice (180 g) and Nam Prik Ma-Kam Sod Pad Sai Moo (40 g) 
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Table 49 Nutrient composition and percentage contribution based on Thai RDI1of rice                

                with Kaeng Liang (KL) 

Nutrient composition KL Rice + KL 

  Per serving 
Percent 

contribution Per serving2 
Percent 

contribution 

Energy (kcal) 88 4 380 19 

  Energy from fat (kcal) 9 - 18 - 

Total fat (g) 1 1 2 3 

  Saturated fat (g) 0.1 0.5 0.1 0.5 

  Cholesterol (mg) 58 19 58 19 

Protein (g) 10 19 15 30 

Total Carbohydrate (g) 11 4 77 26 

Calcium (mg) 302 38 306 38 

Phosphorus (mg) 189 24 231 29 

Magnesium (mg) 83 24 90 26 

Sodium (mg) 686 29 695 29 
1 Percent Thai Recommended Daily Intake is based on 2,000 kcal diet 
2 A set of 450 g consisted of rice (180 g) and Kaeng Liang (270 g) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



Fac. of Grad. Studies, Mahidol Univ                           M.Sc. (Food and Nutrition for Development) / 111 
 
Table 50 Nutrient composition and percentage contribution based on Thai RDI1 of 

rice with Pad Ped Pla Duk (PP) 

Nutrient composition PP Rice + PP 

  Per serving 
Percent 

contribution Per serving2 
Percent 

contribution 

Energy (kcal) 274 14 566 28 

  Energy from fat (kcal) 162 - 171 - 

Total fat (g) 18 28 19 29 

  Saturated fat (g) 7.4 37 7.4 37 

  Cholesterol (mg) 77 26 77 26 

Protein (g) 13 27 18 36 

Total Carbohydrate (g) 14 5 80 27 

Calcium (mg) 200 25 204 26 

Phosphorus (mg) 227 28 269 34 

Magnesium (mg) 64 18 71 20 

Sodium (mg) 583 24 592 25 
1 Percent Thai Recommended Daily Intake is based on 2,000 kcal diet 
2 A set of 210 g consisted of rice (180 g) and Pad Ped Pla Duk (130 g) 
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Table 51 Nutrient composition and percentage contribution based on Thai RDI1 of 

rice with Kaeng Khiao Wan Luk Chin Pla Krai (KKW) 

Nutrient composition KKW Rice + KKW 

  Per serving 
Percent 

contribution 
 

Per serving2 
Percent 

contribution 

Energy (kcal) 266 13 558 28 

  Energy from fat (kcal) 171 - 180 - 

Total fat (g) 19 29 20 31 

  Saturated fat (g) 11 55 11 55 

  Cholesterol (mg) 44 15 44 15 

Protein (g) 14 29 19 38 

Total Carbohydrate (g) 10 3 76 25 

Calcium (mg) 194 24 198 25 

Phosphorus (mg) 195 24 237 30 

Magnesium (mg) 67 19 74 21 

Sodium (mg) 590 25 599 25 
1 Percent Thai Recommended Daily Intake is based on 2,000 kcal diet 
2 A set of 370 g consisted of rice (180 g) and Kaeng Khiao Wan Luk Chin Pla Krai (190 g) 
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          5.2.9 Percent Energy Distribution from Protein, Total Fat and 

Carbohydrate of Set-Plate Dishes: Rice with One Side Dish 

        Data on percent energy distribution from protein, total fat and carbohydrate in 

one serving size of rice combined with one side dish are shown in Table 52. Thai RDI 

recommended the appropriate energy distribution of Thai foods from protein, fat and 

carbohydrate are 10-15%, 20-30% and 55-65%, respectively. However, some foods 

with energy distribution slightly higher or lower than this scope were acceptable. Four 

set plate-dishes were identified as appropriate energy distribution from protein, fat and 

carbohydrate such as rice with Ab Pla, Mok Pla Seu, Pad Ped Pla Duk and Kaeng 

Khiao Wan Luk Chin Pla Krai. Almost of them provided energy distribution from 

protein in suitable ratio except Pon Kob (20%). Luk Kluk Kua Kreung contained the 

highest energy distribution from fat, but the lowest energy distribution from 

carbohydrate opposite of Kaeng Liang Pak Som Rom which contained the lowest 

energy distribution from fat but the highest energy distribution from carbohydrate. 

 

Table 52 Percent energy distribution from protein, total fat and carbohydrate of set-  

                plate dishes: rice with one side dish (per serving) 

Dish Percent energy distribution1 

  Protein Fat CHO 

Rice+Ab Pla 16 18 66 

Rice+Kaeng Pak Kad Jor 16 20 64 

Rice+Mok Pla Seu 15 18 67 

Rice+Pon Kob 20 7 72 

Rice+Luk Kluk Kua Kreuang 13 39 48 

Rice+Kaeng Liang Pak Som Rom 12 3 84 

Rice+Nam Prik Ma-Kam Sod Pad Sai Moo 11 13 77 

Rice+Kaeng Liang 16 5 81 

Rice+Pad Ped Pla Duk 13 30 57 

Rice+Kaeng Khiao Wan Luk Chin Pla Krai 14 32 54 
1 The appropriate energy distribution from protein: fat: carbohydrate of Thai food for this study are  

10-15%: 20-30%: 55-60%, respectively 
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CHAPTER 6 

DISCUSSION 

 

 

        Milk and milk products are widely known as good source of calcium, in term of 

quality and quantity. Other calcium rich foods are soft bone fish such as sardines and 

salmon, green leafy vegetables such as kale, collards, turnip greens, mustard greens 

and broccoli are also good sources of calcium. For calcium-rich Thai foods, in animals 

such as edible bone fish (rasbora and Indian anchovy) and prawn, Lanchester’s 

freshwater, raw which as same as a study at Khon Kaen, found that the important 

calcium source were finfish and aquatic animals and the vegetables that grew at home 

(7). In vegetables, kale, mustard, Chinese cabbage and Indian mulberry, leaves are 

calcium-rich foods. Moreover, soybean curd (tofu) is good source of calcium (4). 

However, Kamchan et al. found that among the three inhibitory factors (dietary fiber, 

phytate and oxalate), the amount of oxalate in plant foods seem to have the most 

negative correlation with calcium bioavailability compared to dietary fiber and phytate 

(25). Besides, Nititham et al., found that sesame seed had the highest phytate content 

(1.9-2.4% of dry weight), followed by legumes (soybean, peanut) and quite low in rice 

(54). Boontaweeyuwat et al. (55) found that phytate content are highest in beans, nuts 

and seeds followed by cereal grains and vegetables  Moreover, Suttikomin (56) found 

that phytate contents were low in leafy vegetables, ranging from 0.14 to 3.64 mg/100g 

and high in mung bean sprout, wax gourd, cauliflower and pumpkin, ranging from 

12.46 to 20.73 mg/100g. So, this study decided to choose animal to be a calcium 

source. However, calcium foods from dried products are nearly high, so we should 

mindful of sodium content such as Kung Hang contained 401 mg calcium/serving and 

642 mg sodium/serving (Table 7). 
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6.1 Selection of Potential Calcium Source 

        Twenty kinds of food samples were collected and analyzed in order to select the  

calcium source of foods. By calcium content found that nineteen out of twenty of food 

samples which contained high calcium (> 160 mg/serving). Difference in comparison 

between laboratory analysis with Thai Food Composition Tables (4) by the value of 

calcium in Kung Hang (1700, 2305 mg/100g) and phosphorus (758, 625 mg/100g) , 

calcium in Pla Kaew (2739, 2915 mg/100g) and phosphorus (1988, 1644 mg/100g), 

calcium in Pla Khao (2270, 4722 mg/100g) and phosphorus (1497, 2523 mg/100g), 

calcium in Pla Seu Kaew (laboratory analysis) and Pla Seu, dried (Thai FCT) were 

2603 and 4258 mg/100g, respectively found that the value were different  which may 

result from time, place to collect and variation of foods. Difference in comparison 

between laboratory analysis with Thai Food Composition Tables by the value of 

calcium in Kob (4880, 3565 mg/100g) and phosphorus (2426, 2045 mg/100g) and 

sodium (2047, 621 mg/100g) and calcium in Kiad (3615, 1293 mg/100g), phosphorus 

(1988, 671 mg/100g) and sodium (1219, 122 mg/100g) were different which may 

result from time, place to collect and variation of foods. However, Kiad was 

interesting of food sample, but it was not popular consumption. Thus, it can to be an 

alternative food sample of calcium sources in the Northern and Northeastern foods. 

Besides, Pla Pon Ob Sam Red and Pla Pao Song Kreuang which added some 

seasoning and are commercially available, so they are suggested to be calcium source 

of foods for urban people. 

 

6.2 Development of High-Calcium Recipe 

        6.2.1 Identification of Potential Recipe 

        Thirty-five ready-to-eat food samples were collected and analyzed in order to 

select as a potential recipe for developing. By compilation of researches in eating 

habit, local food and calcium content in this study. Difference in comparison between 

laboratory analysis with Thai Food Composition Tables by the value of calcium in 

Kao Yum (36, 69 mg/100g), phosphorus (58, 63 mg/100g) and sodium (522, 474) and 

calcium in Kung Jom (477, 505 mg/100g), phosphorus (285, 207 mg/100g) and 

sodium (965, 3000 mg/100g) which resulted from variation of ingredients and 

different recipe.  
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        From 45 collected food items (20 kinds) found that they were excellent source of 

calcium except Pla Pang Dang. The source of calcium were small edible fish bone, 

prawn and shrimp, frog and small toad,. As found that from 35 collected regional 

dishes (27 kinds) which contained these animal as main ingredients were good source 

of calcium. Northern dish were high-calcium in Kiad Shub Pang Tod, Kung Foi Shub 

Pang Tod and Nhab Pla that contained 2037, 615 and 507 mgcalcium/serving, 

respectively, good source of calcium in Nam Prik Kob and Kaeng Pak Jor. 

Northeastern dish were high-calcium in Oo Pla and Pon Kob, good source of calcium 

in Pon Pla. High-calcium dish of Southern dish was Mok Kei, good source of calcium 

in Pla Shing Shang and Kaeng Pak Kood Sai Kung. Central and Bangkok dish were 

high-calcium in Kung Foi Shub Pang Tod and Pla Ra Sub. Although, these regional 

dishes were suggested as high-calcium by nature of them, but most of all contained 

sodium more than 360 mg/serving that may be harmful to the consumer who had 

hypertension. For example, Kiad Shub Pang Tod that made from frog, small contained 

2037 mgcalcium/serving and 1078 mgsodium/serving, Pon Kob that made from frog 

contained 493 mgcalcium/serving and 950 mgsodium/serving. So, this study try to 

developed the recipe as high-calcium which contained sodium less than 800 

mg/serving. 

        For Northern dish that had potential to develop were Ab Pla (Nhab Pla) because it 

was high-calcium dish that developed by replaced fish meat with Pla Seu. Kaeng Pak 

Kad Jor was good sauce of calcium, also it was a favorite dish. Northeastern dish 

selected Mok Pla Kaew and Pon Kob because not only replaced Pla Kaew with Pla 

Seu in order to an alternative development, but also adjust sodium content in both of 

them. From data of analysis in 5.1.4.2 found that Mok Kei was an excellent source of 

calcium that not needed to develop whereas, Luk Kluk Kua Kreuang and Kaeng Liang 

Pak Som Rom were selected to be as a Southern dish that had potential to develop 

because they were good source of calcium by replaced fish meat with Pla Seu in Luk 

Kluk Kua Kreuang and adjust sodium content in both of them. Also they had reference 

recipe (36) to develop. From data of analysis on Central and Bangkok dish in 5.1.5.2 

found that four out of five recipes were excellent sauce of calcium but contained 

sodium content more than 360 mg/serving whereas Nam Prik Ma-Kam Sod Pad Sai 
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Moo, Kaeng Liang, Pad Ped Pla Duk and Kaeng Khiao Wan Luk Chin Pla Krai had 

reference recipe (39) to develop.  

        6.2.2 Difference in Calcium and Sodium Content from Analysis with 

Calculated Data 

        The calcium content of Ab Pla (95, 817 mg/serving), Mok Pla Seu (77, 755 

mg/serving) and Luk Kluk Kua Kreuang (110, 1046 mg/serving) from laboratory 

analysis were different from calculated data in Table 30 because the calculated data 

(by INMUCAL) are incomplete. Data of laboratory analysis on Pla Seu that it was a 

high-calcium source (556 mg/serving) as shown in Table 7. But data of evaluation 

resulted from replacing fish meat with Pla Soi. calcium content of Pla Seu and Pla Soi 

were 1011 and 96 mg/serving. Other developed recipes were different in calcium and 

sodium content because the variation of food ingredients. 

        6.2.3 Nutrient Composition 

        The discussion would be emphasized on the nutrient composition of side dishes 

which is the amount normally eaten with rice as a meal. However, Northern and 

Northeastern dish usually eaten with sticky rice, so the evaluated data may be error 

from daily consumption. All set-plate dishes contained more energy than 40 kcal per 

serving. So, they were not low in energy (50). For protein content were not referred in 

these set-plate dish because it was not analyzed for the source of protein that come 

from vegetable or animal. So, we don’t know the percentage of protein. 

        Ab Pla 

        This set-plate dish gave the appropriate energy distribution from protein, fat and 

carbohydrate (16:18:66). It contained most nutrients no more than 1/3 of Thai RDI 

except cholesterol (37 % of Thai RDI). Therefore, consumer who had to restrict 

cholesterol intake should eat less than a serving. It was not only high calcium and 

phosphorus (104 and 59 % of Thai RDI), but also was a good source of magnesium 

(13 % of Thai RDI). 

        However, calcium content in this study was different from calculated data by 

Ministry of Public Health, 2000 that shown calcium 457 mg/serving in Ab Pla Noi 

(40). The value of calculation was lower than this study because it used Pla Soi to 

calculate. 
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        Kaeng Pak Kad Jor 

        Rice with Kaeng Pak Kad Jor provided good energy distribution from protein, fat 

and carbohydrate (16:20:64). The levels of most nutrients no more than 1/3 of Thai 

RDI except protein (36% of Thai RDI). It was not only high calcium and phosphorus 

(26 and 23% of Thai RDI), but also good source of magnesium (19% of Thai RDI). 

        Mok Pla Seu 

        A combination of Mok Pla Seu and rice provided good energy distribution from 

protein, fat and carbohydrate (15:18:67) and gave the appropriate level of all nutrients 

which no more than 1/3 of Thai RDI. It was not only high calcium and phosphorus 

(89% and 51% of Thai RDI), but also good source of magnesium (12% of Thai RDI). 

        Pon Kob 

        The set of Pon Kob combined with rice provided energy distribution from protein 

and carbohydrate (20 and 72% of Thai RDI) more than from fat (7% of Thai RDI) due 

to low fat content (3 g/serving). Besides, this set had low in saturated fat (0.4 

g/serving). The levels of most nutrients no more than 1/3 of Thai RDI except protein 

(38% of Thai RDI). It was not only high calcium and phosphorus (36% and 33 % of 

Thai RDI), but also good source of magnesium (11% of Thai RDI). 

        Luk Kluk Kua Krueang 

        Combining this dish with rice showed the appropriate energy distribution from 

protein (13% of Thai RDI), but the highest fat (39% of Thai RDI) and the lowest of 

carbohydrate (48% of Thai RDI). However, the levels of most nutrients no more than 

1/3 of Thai RDI except total fat and protein which are the same (38% of Thai RDI). It 

was not only high calcium and phosphorus (123% and 69% of Thai RDI), but also 

good source of magnesium (15% of Thai RDI). 

        Kaeng Liang Pak Som Rom 

        This set-plate dish gave the appropriated energy distribution from protein (12% 

of Thai RDI), but the lowest of fat (3% of Thai RDI) and the highest carbohydrate 

(84% of Thai RDI). Moreover, the levels of all nutrients no more than 1/3 of Thai 

RDI. Besides, this set had low fat content (1 g/serving) and low saturated fat (0.5 

g/serving). It was not only high calcium (26 % of Thai RDI), but also good source of 

phosphorus and magnesium (18% and 19% of Thai RDI). 
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        Nam Prik Ma-Kam Sod Pad Sai Moo 

        The set of rice with Nam Prik Ma-Kam Sod Pad Sai Moo provided energy 

distribution from protein (11% of Thai RDI), but energy distribution from fat and 

carbohydrate were improper (13% and 77% of Thai RDI). It contained most nutrients 

no more than 1/3 of Thai RDI except cholesterol (75 % of Thai RDI). However, this 

set had low saturated fat content (0.7 g/serving). It was not only high calcium (32 % of 

Thai RDI), but also good source of phosphorus and magnesium (18% and 16% of Thai 

RDI). 

        Most of nutritive value of this set was nearly Maruekin’s study (39) may be due 

to the same recipe, but this study replaced Kung Hang with Kung Kaew and increased 

the serving size in order to increased calcium content. The increasing serving size was 

asked to panelist and they were accepted for one serving size. Beside, cholesterol 

content of this set was increased too. Therefore, consumer who had to restrict 

cholesterol intake need to reduce the serving amount or combine this set with the other 

dish, containing low cholesterol. 

        Kaeng Liang 

        The set of Kaeng Liang combined with rice provided energy distribution from 

protein (16%), but energy distribution from fat and carbohydrate were improper (5 and 

81% of Thai RDI). Most nutrient was not higher than 1/3 of Thai RDI. Moreover, this 

set had low fat content (2 g per serving) as well as low saturated fat content (0.1 

g/serving). It was high in calcium, phosphorus and magnesium (38, 29 and 26% of 

Thai RDI, respectively). 

        Most of level of nutrients nearly Maruekin’s study may be due to the same recipe, 

but this study was added Kung Kaew and increased the serving size in order to 

increased calcium content. Thus, protein content was increased too. 

        Pad Ped Pla Duk 

        Combining this dish with rice gave the appropriate energy distribution from 

protein, fat and carbohydrate (13:30:57). It contained most nutrients no more than 1/3 

of Thai RDI except saturated fat (37% of Thai RDI) and protein (36% of Thai RDI). 

Therefore, consumer who had health problem of hyperlipidemia, should reduce the 

serving amount. In order to obtain the appropriate nutrient, consumers should consume 

this set together with the other dish which containing more vegetable as good source 
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of vitamins, minerals and dietary fiber. Moreover, it was high in calcium, phosphorus 

and magnesium (26, 34 and 20 % of Thai RDI, respectively). 

        Most of level of nutrients nearly Maruekin’s study my be due to the same recipe, 

but this study had saturated fat lower than because substitution of coconut milk bottled 

for grated coconut. The levels of cholesterol and calcium were higher than because of 

additional Pla Pon. The level of sodium was lower than the resulted from replacing 

table salt with fish sauce. 

        Kaeng Khiao Wan Luk Chin Pla Krai 

        The set of rice with Kaeng Khiao Wan Luk Chin Pla Krai provided energy 

distribution from protein, fat and carbohydrate (14:32:54). Most nutrients were not 

higher than 1/3 of Thai RDI except saturated fat (55% of Thai RDI) and protein (38% 

of Thai RDI). Therefore, consumers who had hyperlimedia should be aware of 

consumption in small amount. Besides, it was high in calcium, phosphorus and 

magnesium (25, 30 and 21 % of Thai RDI, respectively). 

        Most of level of nutrients nearly Maruekin’s study which due to the same recipe, 

but this study had total fat and saturated fat higher than because increasing the thin 

coconut milk to the suitable ratio. The level of calcium was higher than because of 

additional Pla Pon. The levels of sodium was lower than the results from decreasing 

table salt. 

        6.2.4 Bioavailability of Calcium 

        The criteria of bioavailability should measure the effect of several metabolic 

events i.e. digestibility, solublization, absorption, organ uptake and release, enzymatic 

transformation, and excretion after ingestion of the calcium supplement (57). 

Vegetables, seeds and legumes contain some components, such as dietary fiber, 

phytate and oxalate, which have negative effects on the bioavailability of some 

minerals, especially calcium. In this study, some developed high-calcium recipe which 

contained vegetables as main ingredient such as Kaeng Liang Pak Som Rom and 

Kaeng Liang. However, a study of Suttikomin found that the amount of phytate was 

significantly reduced by conventional boiling and stir-frying methods from 11-72%. 

Srianujata et al., studied effects of cooking process on phytate levels in selected Thai 

foods found that frying and roasting reduce phytate levels to a greater extent than 

boiling and steaming which have little effect (58). Savage et al., found that cooking 
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reduces the oxalate content of the food by leaching losses into the cooking water (24). 

In addition to, Kaeng Pak Kad Jor contained Chinese cabbage as main ingredient was 

advantage because Heaney et al. found that calcium absorption and Bioavailability 

from Brassica e.g. kale, cabbage, mustard and broccoli are satisfied when compare 

with milk (13,14).  

        Although no references have been found about the effect of processing on 

calcium content, dry heating and germination treatments did not modify calcium 

content when value were compared to the raw foods (59). 
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CHAPTER 7 

CONCLUSION 

         

 

        This study aimed to determine and select the locally available high-calcium food 

source that commonly consumed among the Thais from different region of the country 

through laboratory analysis of calcium content as well as other nutrients, to be used in 

the development of high calcium recipe. Determination of the nutritional quality of the 

developed recipes was also our main objective. 

        Results from the analysis of 80 food samples that classified into 2 groups: 20 

single food items and 28 ready-to-eat dishes found that eight out of twenty food items 

were excellent source of calcium such as ground dried fish (Pla Pon), small dried toad 

(Kiad), small freshwater fish (Pla Seu), small freshwater shrimp (Kung Foi), Pla 

Kaew, seasoned ground dried fish (Pla Pon Ob Sam Red), grilled sheat fish (Pla Krob) 

and seasoned ground grilled fish (Pla Pao Song Kreuang). The calcium content per 

serving of foods ranged from 188.6 mg to 1110.4 mg in Pla Pao Song Kreuang and Pla 

Pon, respectively. Besides, they contained sodium less than 360 mg/serving. From the 

reason that calcium source should commonly consumed by most people. Pla Pon and 

Kung Kaew were chosen as calcium source used in recipe development. Ten recipes, 

two dishes from each region, were developed as high calcium recipes. The recipe that 

comprised of Pla Seu as main ingredients such as Ab Pla, Mok Pla Seu and Luk Kluk 

Kua Kreuang had high calcium content of 825.1, 705.1 and 978.0 mg/serving, 

respectively. The calcium content of other developed recipes were ranged from 194.0 

(Kaeng Khiao Wan Luk Chin Pla Krai) to 302.0 (Kaeng Liang) mg/serving by adding 

Pla Pon or Kung Kaew 1 tsp to 2 tbsp or 2-5 g into the recipe. When we considered the 

nutritional quality of these dishes that combined with rice as a meal, these 

combinations can be considered as high calcium meal. Five out of ten dishes gave the 

appropriate energy distribution from protein, fat and carbohydrate namely curried fish 

roasted in banana leaf (Ab Pla), sour soup with Chinese cabbage flowers (Kaeng Pak 

Kad Jor), curried fish roasted in banana leaf (Mok Pla Seu), spicy stir-fried catfish 
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(Pad Ped Pla Duk) and green curry with fish balls (Kaeng Khiao Wan Luk Chin Pla 

Krai). Percentage distributions of calorie from fat of 10 dishes were not more than 1/3 

of Thai RDI. However, Nam Prik Ma-Kam Sod Pad Sai Moo may not be appropriated 

for frequent consumption among those who have to restrict their cholesterol intake. 

Because of it contained 226.3 mg/serving of cholesterol. Pad Ped Pla Duk and Kaeng 

Khiao Wan Luk Chin Pla Krai also contained considerable amount of cholesterol were 

ranged from 76.7 mg to 44.0 mg in Pad Ped Pla Duk and Kaeng Khiao Wan Luk Chin 

Pla Krai, respectively. 

        These 10 developed high-calcium recipes were an alternative for those who need 

to improve their calcium status as well as to maintain their bone health. Meeting 

calcium needs with foods instead of using supplements can increase the likelihood of 

receiving other food components with potential health benefits such as protein, 

phosphorus, magnesium, fluoride, vitamin C, D and K. So, consuming calcium-rich 

foods is the preferred approach to achieving optimal intakes.  

 

        Suggestion for The Further Study 

1. Determination of phytate, dietary fiber and oxalate contained in these 

developed recipes which had vegetable as main component. 

2. Assessment on calcium bioavailability of these developed recipes. 

3. Development of more high-calcium recipes of Thai foods for determination of 

their nutritive value. 

 

        Suggestion to The Public 

1. Avoid the excellent source of calcium but contained sodium so much such as 

Kung Hang Pleuag / shelled shrimp, dried (ingredient in Som Tam / Papaya salad) 

because the sodium content was 1316 mg/serving even though it was the excellent 

source of calcium (505 mg/serving), also in Kung Hang / salted dried shrimp 

contained 642 mg sodium/serving although it contained 401 mg calcium/serving. 

2. Avoid the excellent source of calcium but contained cholesterol so much such 

as Kung Pon Prik Kee Noo (Blended with chili dried shrimp), Kung Pon Ob Sam Red 

(Blended and seasoned dried shrimp) and Pla Kaew which contained 557, 299 and 685 
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mg calcium/serving, respectively but contained 192, 227 and 203 mg 

cholesterol/serving, respectively.  

3. Consumption the dish that comprised of small edible bone fish and small 

shrimp also concerned the sodium and cholesterol content that should not more than 

800 and 100 mg/serving, respevtively. 

        4. Pla Pon (Blended fish, dried), Pla Seu (Rasbora, raw), Pla Pon Ob Sam Red 

(Blended and seasoned fish, dried), Pla Pao Song Kreuang (Grilled and seasoned fish) 

and Kung Foi (Prawn, Lanchester’s freshwater, raw) were excellent source of calcium 

that contained sodium less than 360 mg/serving and cholesterol less than 100 

mg/serving. Moreover, Pla Pon Ob Sam Red and Pla Pao Song Kreuang contained the 

suitable ratio of Ca:P (1-1.5:1). 

        5. Daily calcium intake of 800 mg through these developed high-calcium recipe 

at least one dish per meal and drink a glass of milk. 
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APPENDIX A 
 
 
        This study classified the potential calcium source of food into 2 groups were 

single food item and ready-to-eat dishes. In this section aim to present the information 

about weighing of food sample in order to calculate from recipe (household unit) in to 

gram unit and the detail of ready-to-eat about the gram of serving size, edible or edible 

portion which got the nutritive value. 

        
-Food items    
Kung Foi, small freshwater shrimp  
Place of purchasing wt. (g) no./1 tbsp 
 ¼ cup 1 tbsp  
Lampang 39.9 10.6  
Ubonratchathani 34.0 9.9 56 
Salaya, Nakhon Pathom 31.0 10.1 30 
Wongwieanyai, Bangkok 34.7 10.4 10 
mean  10.3  
SD  0.3  

 
Kung Som, fermented shrimp    
Place of purchasing wt. (g) no./1 tbsp 
 total shrimp water 1/2 cup  
Pattalung 1014.2 347.8 661.6 131.0 14 
Yala 292.4 133.6 158.8 130.3  
mean    130.7  
SD    0.5  

 
Kung Kaew, dried crispy shrimp   
Place of purchasing wt. (g) no./1 tbsp 
 1 cup ¼ cup 1 tbsp  
Pattanee 40.6 11.4 3.1 8 
Yaowarat, Bangkok 45.5 12.4 3.6 10 
Ratchawat, Bangkok 45.6 13.4 4.0 8 
Songkhla 44.2 10.7 2.8 - 
mean 44.0 12.0 3.4 8.7 
SD 2.3 1.2 0.5 1.2 
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Kung Hang, dried shrimp without shell   
Place of purchasing wt. (g) no./1 tbsp 
 1 cup ¼ cup 1 tbsp  
Songkhla 89.7 25 6.7 24 
Songkhla 26.7 8.0 2.1 68 
Songkhla 34.7 9.9 2.8 7 
Songkhla 42.1 10.5 2.6 - 
Pattanee 89.7 25.0 6.7 20 
Yaowarat, Bangkok 82.3 22.0 6.2 19 
Prannok, Bangkok 82.1 22.7 6.4 21 
mean 63.9 17.6 4.8 26.5 
SD 28.0 7.7 2.2 21.2 

 
Kung Hang Pleuag, dried shrimp with shell  
Place of purchasing wt. (g) no./1 tbsp 
 1 cup ¼ cup 1 tbsp  
Salaya, Nakhon Pathom 37.7 10.3 2.8 74 

 
Kung Pon Ob Sam Red, seasoned grounded dried shrimp 
Place of purchasing wt. (g) 
 1 cup ¼ cup 1 tbsp 1 tsp 

71.4 18.7 5.5 1.6 
71.9 18.8 5.7 1.7 

Supermarket in 
Bangkok 

71.3 19 5.5 1.6 
mean 71.5 18.8 5.6 1.6 
SD 0.3 0.2 0.1 0.1 

 
Kung Pon Prik Kee Noo, grounded dried shrimp with chili 
Place of purchasing wt. (g) 
 1 cup ¼ cup 1 tbsp 1 tsp 

63.3 16.0 4.7 1.4 
65.9 15.8 4.8 1.4 

Supermarket in 
Bangkok 

61.4 16 4.7 1.3 
mean 63.5 15.9 4.7 1.4 
SD 2.3 0.1 0.1 0.1 

 
Pla Seu, small fresh water fish 
Place of purchasing wt.(g)/body 
Lampang 3.1 
Mahanak, Bangkok - 
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Pla Pang Dang, fermented fish   
Place of purchasing wt. (g) 
 total fish water 1/2 cup 
Yala 405.7 155.4 250.3 125.9 

 
Pla Kaew, dried    
Place of purchasing no./ 10g no./ 25g wt.(g)/body
Ubonratchathani 122 415 0.1 

 
Pla Khao, dried small carp    
Place of purchasing wt.(g)/stack no./stack l.(cm)/body no.of stack/100g 
Ubonratchathani 8.1 20 6.2 13 
Ubonratchathani 8.1 9 - - 
mean 8.1 14.5   
SD 0 7.8   

 
Pla Dam, dried     
Place of purchasing wt.(g)/stack no./stack l.(cm)/body no.of stack/100g 
Ubonratchathani 19.2 22 5.9 5 
Ubonratchathani 12.0 9 - - 
mean 15.6 15.5   
SD 5.1 9.2   

 
Pla Seu Kaew, small dried fish     
Place of purchasing wt. (g) no./1 tbsp no./10g size (cm) 
 1 cup ¼ cup 1 tbsp    
Taewet, Bangkok 47.3 14.2 4.9 9 19 1.2×5.3 

 
Pla Krob, sheat fish, grilled       
Place of 
purchasing 

wt.(g)/ 
stack no./stack 

wt.(g)/ 
body 

 
wt. (g) 

    total edib. inedib. 1 cup 1 tbsp 
Prannok, 
Bangkok 182.8 8 25 548.3 312.7 235.6 28.6 4.0 

 
Pla Pon, ground dried fish    
Place of purchasing wt. (g) 
 1 cup ¼ cup 1 tbsp 1 tsp 
Nakhon-Ratchaseema 80.8 18.8 4.9 1.5 
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Pla Pon Ob Sam Red, seasoned ground dried fish 
Place of purchasing wt. (g) 
 1 cup ¼ cup 1 tbsp 1 tsp 

78.5 19.5 5.3 1.5 
77.1 19.5 5.5 1.5 

Supermarket in 
Bangkok 

79.0 19.7 5.3 1.6 
mean 78.2 19.6 5.4 1.5 
SD 1.0 0.1 0.1 0.1 

 
Pla Pao Song Kreuang, seasoned ground grilled fish 
Place of purchasing wt. (g) 
 1 cup ¼ cup 1 tbsp 1 tsp 
Supermarket in 
Bangkok 
 104.8 25.6 7.5 2.5 

 
Pla Ra Pon Ob Sam Red, seasoned grounded dried fermented fish  
Place of purchasing wt. (g) 
 1 cup ¼ cup 1 tbsp 1 tsp 

88.4 21.3 5.6 1.8 
88.8 21.5 5.8 1.9 

Supermarket in 
Bangkok 

88.5 21.4 5.3 1.7 
mean 88.6 21.4 5.6 1.8 
SD 0.2 0.1 0.3 0.1 

 
Kob, frog, dried       
Place of purchasing wt.(g)/stack no./stack wt.(g)/body size (cm) no./100g 
Ubonratchathani 70.5 5 14 1.9×9×17 8 

 
Kiad, toad, small, dried     
Place of purchasing wt.(g)/stack no./stack wt.(g)/body size (cm) no./100g 
Lampang 7.7 - - - 59 
Ubonratchathani 13 8 2 1.3×4.8×9.4 60 
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-Ready-to-eat  dish        
Kaeng Kua Hoi Khom, snail curry with coconut milk   
Place of 
purchasing no. of 

samp. wt.(g) 

no.of 
Hoi 

Khom 

 
serving 

size 

  1 pack edib. 
inedib./ 

shell 
Hoi 

Khom 
 
  

Salaya, 
Nakhon 
Pathom 3 301.5 204.1 98.8 64.6 30 203 
Salaya, 
Nakhon 
Pathom 4 411.5 411.5 0 95.6 50 - 
Suphanburi 3 404 291.2 101.7 72.3 27 291 

 
 

 
Kaeng Hoi Khom, snail curry soup     
Place of purchasing no. of 

samp. wt.(g) 
no.of  

Hoi Khom 

  1 pack edib. 
inedib./ 

shell 
Hoi 

Khom 
 
 

Lampang 3 412.5 258.7 153.8 28.4 23 
Lampang 5 344.0 249.5 90.9 35 20 

 
Kaeng Pak Kad Jor, Chinese cabbage soup with spare ribs 
Place of purchasing no. of samp. wt.(g) 
  1 pack 1 cup 
Lampang 3 433.4 245.8 

 
Kaeng Pak Kad Noi, Chinese cabbage soup  
Place of purchasing no. of samp. wt.(g) 
  1 pack 1 cup 
Lampang 5 308.3 236.8 

 
 
 
 
 
 

Kaeng Pak Kood Sai Kung, prawn in red curry with gourd 
Place of purchasing no. of samp. wt.(g) 
  1 pack edib. inedib./shell 
Pattalung 3 389.5 369.8 18.6 
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Pad Hoi Lai, stir-fried clam with chili paste fried in oil 
Place of 
purchasing 

no. of 
samp. wt.(g) 

no.of 
Hoi Lai 

  1 pack edib. 
inedib./ 

shell 
Hoi 
Lai  

Salaya, 
Nakhon 
Patom 4 267.7 156.5 111.3 59.6 38 

 
 

Kung Foi Shub Pang Tod, crispy fried prawn   
Place of purchasing no. of samp.                   1 piece 

  wt.(g) 
diameter 

(cm) 
depth 
(cm) 

Lampang 6 89.1 14.3 - 
Lampang 6 68.6 13.4 - 
Lampang 5 32.0 7.8×10.0 2.1 
Siriraj, Bangkok 5 125.9 14.6×17.4 2.2 

 
Pla Shing Shang, fried fish (Pla Shing Shang)   
Place of purchasing 1/4 cup 1 tbsp 
 no. wt.(g) no. wt.(g) 
  bef. frying aft. frying   
Pattalung 37 21.4 18.6 13 6.0 

 
Kiad Shub Pang Tod, crispy fried frog, small 
Place of purchasing no./stack 
Lampang 11.1

 
Nhab Kung, Northern steamed spicy prawn in banana leaf 
Place of purchasing no. of samp. wt.(g) size (cm) 
  1 pack 1 tbsp  
Lampang 5 53.6 8.7 6.7×7.9×1 

 
Mok Kei, Southern roasted spicy prawn in banana leaf  
Place of purchasing no. of samp. wt.(g) Kung Foi/pack 
  1 pack 1 cup wt.(g) No. 
Salaya, Nakhon 
Pathom 2 231.5 102.0 74.0 64 
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Mok Pla Kaew, Northeastern roasted spicy fish in banana leaf 
Place of purchasing wt.(g) 
 1/2 cup 1 tbsp 
Ubonratchathani 103.7 16.5 

 
Nhab Pla, Northern steamed spicy fish in banana leaf 
Place of purchasing wt.(g) 
 1 pack 1 tbsp 
Lampang 90.6 - 
Lampang 49 10.8 

 
Mok Huag, Northeastern roasted spicy tadpole in banana leaf 
Place of purchasing no. of samp. wt.(g) 
  1 pack 1/2 cup 1 tbsp 
Ubonratchathani 5 43.9 68.3 10.4 
Ubonratchathani 2 108.9 82.3 13.7 

 
Oo Pla, Northeastern simmered fish with curry  
Place of purchasing no. of samp. wt.(g) 
  1 pack 1/2 cup 1 tbsp 
Ubonratchathani 3 157.5 125.1 15.5 

 
Oo Pla Ruam, Northeastern simmered assorted fish with curry 
Place of purchasing wt.(g) 
 1/2 cup 1 tbsp 
Ubonratchathani 125.1 15.5 

 
Kung Jom, fermented shrimp     
Place of purchasing no. of samp. wt.(g) 
  1 pack 1/2 cup 1 tbsp serving size 
Suphanburi 2 245.2 128.0 17.7 120 

 
Pla Ra Sub, Central fermented fish paste dip 
Place of purchasing wt.(g) 
 1/2 cup 1 tbsp serving size 
Suphanburi 125.9 19.2 120 
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Jaw Pla Ra, Northeastern fermented fish paste dip 
Place of purchasing wt.(g) 
 1/2 cup 1 tbsp 
Ubonratchathani 120.1 17.4 

 
Nam Prik Pla Too, Northern mackerel paste dip 
Place of purchasing no. of samp. wt.(g) 
  1 pack 1/2 cup 
Lampang 5 68.1 96.5 

 
Nam Prik Kob, Northern frog paste dip  
Place of purchasing no. of samp. wt.(g) 
  1 pack 1/2 cup 
Lampang 3 74.4 95.5 

 
Pon Pla, Northeastern fish paste dip   
Place of purchasing no. of samp. wt.(g) 
  1 pack 1/2 cup 1 tbsp 
Ubonratchathani 3 199.8 121.6 15.1 

 
Pon Kob, Northeastern frog paste dip 
Place of purchasing wt.(g) 
 1/2 cup 1 tbsp 
Ubonratchathani 123.1 17.4 

 
Kao Yum, Southern style rice salad 
Place of purchasing no. of samp. wt.(g)/pack
Yala 2 299.3 

 

Ingredients rice noodle,fried fish, fried fish, roasted 
coconut, 
roasted budu 

wt.(g) 142.3 28.3 7.5 18.1 14 38.1 

Ingredients 
yard long 

bean cabbage da lha 
mungbean 

sprout 
swamp morning 

glory 
wt.(g) 17.3 10.2 8.5 3.8 11 

 
Nhab Tua Nao, soybean fermented, fresh  
Place of purchasing no. of samp. wt.(g) 
  1 pack serving size 
Lampang 10 24.7 24.7 
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Nam Poo, Northern crab sauce    
Place of purchasing no. of samp. wt.(g) 
  1 bottle 1 tbsp 1 tsp 
Lampang 6 81.4 18.1 5.3 

 
Hua Kao Kriab, cracker, fish   
Place of purchasing wt.(g) size (cm) 
 bef. frying aft.frying  
Yala 35.1 33.0 6×4×0.5 
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APPENDIX B 
 

Matrix of potential recipes 

Nutrient/serving Recipe 
  

serving 
size(g) Ca (mg) Na (mg) Cholesterol (mg) 

North     
Ab Pla 1  90 94.7 83.8 0 
Ab Pla 2 140 112.3 4966.3 0 
Ab Pla 3 100 123.7 447.5 0 
      
Keng Pak Kad Jor 1 220 67.4 1312.9 19.04 
Keng Pak Kad Jor 2 170 76.4 221.0 20.27 
Keng Pak Kad Jor 3 170 262.3 397.1 0 
Keng Pak Kad Jor 4 130 134.2 987.8 19.0 
Keng Pak Kad Jor 5 190 39.5 1101.8 0 
      
Northeast     
Mok Pla 1 90 76.7 1046.1 0 
Mok Pla 2 110 34.9 788.3 104.8 
      
Pon Kob 1 90 55.6 398.1 26.86 
Pon Kob 2 70 144.8 2326.6 10.58 
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APPENDIX C 
 

Developed High-Calcium Recipes 

C1 : Ab Pla   

Ingredient Weight per serving (g) 

Pla Seu 66 

Kaffir lime leaves 0.6 

Fennel 2.5 

Fish sauce 1.4 

Chili paste ingredients  

    Pepper Hot 3.5 

     Lemon grass, slice finely 2.7 

     Turmeric, slice finely 2 

     Peeled shallot 4 

     Garlic 1.3 

     Ginger, slice finely 0.7 

     Shrimp paste 1.3 

     Salt  1.4 
Weight per serving = 70 g  
Add : -  
Method  

            1. Wash fish thoroughly. 

            2. Pound together all ingredients of chili paste until fine. 

            3. Slice off kaffir lime leaves and fennel. 

            4. Mix fish, chili paste and fish sauce together, add the kaffir lime leaves and   

                fennel to mix together, then wrap it with banana leaves into rectangular     

                shape and grill, until cooked. 
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C2 : Kaeng Pak Kad Jor   

Ingredient Weight per serving (g) 

Chinese cabbage, flowers 70 

Pork, spare ribs 40.5 

Fermented fish 2 

Tamarind  4 

Garlic 1.3 

Soybean oil 5.5 

Fish sauce 12 

Dried chili 1.3 

Soybean  fermented(Tooa-nao), dried 6.3 

Water 71 

Weight per serving = 200 g  

Add : Kung Kaew 1 1/2 tbsp, 3.8 g/serving 
Method  

            1. Chop chinese cabbage, flower into 2 inch pieces. 

            2. Simmer spare ribs until tender, then add chinese cabbage to simmer together. 

            3. Roast soybean-fermented and pound until fine.  

            4. Roast dried chili and cut into 1 cm pieces. 

            5. Pour hot water on to the tamarind in the ratio 3:1, and squeeze out for tamarind  

                juice. 

            6. Boil fermented fish with a little of water. 

            7. Chop garlic and stir-fry until golden brown. 

            8. Season with roasted soybean fermented, tamarind juice, fermented fish and  

                fish sauce. 

            9. Dressing with stir-fried garlic and serve with roasted dried chili. 
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C3 : Mok Pla Seu   
Ingredient Weight per serving (g) 
Pla Seu 65 
Chili paste ingredients  
     Pepper, hot 4 
     Lemon grass  5.3 
     Garlic 1.3 
     Shallot 5.3 
Kaffir lime leaves 0.3 
Salt 2.7 
Fermented fish sauce 4 
Hairy basil leaves 5 
Spring onion 2.5 
Weight per serving = 70 g  

Add : -  

Method  

            1. Wash fish thoroughly.  

            2. Pound together all ingredients of chili paste until fine, then add the fish for       

                mixing. 

            3. Add the seasoning, hairy basil leaves and spring onion to mix together. 

            4. Wrap it with banana leaves into rectangular shape and grill for 15-20  

                minutes.  
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C4 : Pon Kob   

Ingredient Weight per serving (g) 

Frog 80 

Fermented fish  2.8 

Fish sauce 3.3 

Chili paste ingredients  

     Garlic 8.8 

     Chili bird, ground 1.5 

     Shallot 9.22 

Spring onion 2.5 

Water 48 

Weight per serving = 100 g 

Add : Pla Pon 3/5 tbsp, 2.9g 

Method  

            1. Wash frog thoroughly. 

            2. Boil the water with fermented fish until boiling, boil the frog, until cooked and  

                then rend into small piece. 

            3. Roast garlic, shallot and chili bird, then pound it. 

            4. Pound together chili paste (in item 3) with rended frog. 

            5. Flavor with fermented fish sauce and spring onion. 
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C5 : Luk Kluk Kua Kreuang 

Ingredient Weight per serving (g) 

Pla Seu 83 

Soybean oil 14.4 

Chili paste ingredient  

     Chili bird 4.2 

     Lemon grass 3.3 

     Pepper 1.3 

     Shallot 2.5 

     Garlic 2.5 

     Turmeric 0.7 

     Salt  0.8 

     Shrimp paste 0.7 

     Fish sauce 1.7 

Weight per serving = 60 g 

Add : -  

Method  

            1. Wash fish thoroughly. 

            2. Pound together all ingredients of chili paste until fine. 

            3. Mix chili paste and fish together. 

            4. Put the oil into a pan and when it is hot add the mixture and keep roasting until 

                they are golden brown. Remove from heat. 
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C6 : Kaeng Liang Pak Som Rom 

Ingredient Weight per serving (g) 

Sponge-gourd 25 

Banana flowers 17.5 

Yard long bean, green 15 

Ivygourd 10 

Pak-waan 7 

Chili paste ingredients  

     Shallot 5.6 

     Shrimp paste 3.9 

     Pepper 1 

Water 154.4 

Fish sauce 2.6 

Weight per serving = 200 g 

Add : Kung Kaew 1 1/2 tbsp, 4 g 
Method  

            1. Pound the ingredients of chili paste until mixed thoroughly. 

            2. Wash and chop the vegetables. 

            3. Add the chili paste into soup stock in a pot and heat to boiling. 

            4. Add the banana flowers to boil until well-done, add yard long bean, green and  

                sponge-gourd until well-done. 

            5. Flavor with fish sauce and all ivygourd leaves and pak-waan, then remove  

                from heat. 
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C7 : Nam Prik Ma-Kam Sod Pad Sai Moo 

Ingredient Weight per serving (g) 

Peeled young Tamarind 11.8 

Hot chili 0.3 

Peeled garlic , chopped 3 

Shrimp paste, grilled 3.4 

Soybean oil 2.8 

Ground dried shrimp 1.5 

Seasoning  

     Fish sauce 4.1 

     Palm sugar 9.1 

Vegetable  

     Cucumber 31 

     Long bean 11 

     White turmeric 14 

     Winged bean 12 

     Water lily, stem 15 

Weight per serving = 40 g  

Add : Kung Kaew 2 tbsp, 5.4 g 

Method  

            1. Peel wash and pound the young tamarinds until fine. Set aside. 

            2. Pound together shrimp paste, garlic and hot chili, add tamarinds and ground  

                dried shrimp to pound until fine. 

            3. Stir the pounded mixture in the medium hot oil until well-done. 

            4. Add the chopped pork to stir until well-done. 

            5. Season with palm sugar, fish sauce and stir until dry. 
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C8 : Kaeng Liang   

Ingredient Weight per serving (g) 

Vegetable  

     Peeled pumpkin 20 

     Hairy Basil leaves 16 

     Ivygourd leaves 14 

     Sponge-gourd 15 

     Mushrooms-straw 22 

     Bottle-gourd 15 

Chili paste ingredients  

     Pepper 1 

     Peeled shallot, sliced 22 

     Shrimp paste 5 

     Ground dried shrimp 11 

Soup stock 198 

Seasoning  

     Fish sauce 4 

Weight per serving = 270 g 

Add : Kung Kaew 1 1/2 tbsp, 4.6 g 

Method  
            1. Pound the ingredients of chili paste until mixed thoroughly. 

            2. Add the chili paste into soup stock in a pot and heat to boiling. 

            3. Add the pumpkin to boil until well-done, add bottle-gourd, sponge gourd and 

                mushrooms-straw until well-done. 

            4. Flavor with fish sauce and all ivygourd leaves and hairy basil leaves, then  

                remove from heat. 
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C9 : Pad Ped Pla Duk   

Ingredient Weight per serving (g) 

Cat fish 52 

Coconut milk 69 

Vegetable  

     Round aubergine 22 

     Young pepper 7 

     Young kaffir lime leaves 0.8 

     Red chili 2 

     Kra-chai, sliced long wise 14 

     Holy basil leaves 3.4 

Chili paste ingredients  

     Dried chili 3.6 

     Fresh hot chili 0.9 

     Pepper 0.1 

     Galangal root, slice 0.5 

     Lemon grass, sliced 2.4 

     Kaffir lime rind, sliced 0.3 

     Coriander root, chopped 0.3 

     Garlic 1.9 

     Shallot, sliced 5.4 

     Coriander seed, roasted 0.7 

     Salt 1.9 

     Shrimp paste 0.9 

Seasoning  

     Fish sauce 0.6 

     Palm sugar 3.7 

     Water 21 

Weight per serving = 130 g  

Add : Pla Pon 1 tsp, 2 g  
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Method  
            1. Pound together chili paste ingredients until fine. 

            2. Wash the fish and cut into small piece. 

            3. Stir the coconut milk until coconut milk begins to have an oily sheen. 

            4. Place 1/4 of cooked coconut milk into the pan. Add the chili paste mixture to stir 

                until good smell. 

            5. Then add the cooked coconut milk to stir for a minute, add the water. 

            6. Add the fish to stir until well-done. Add the Kra-chai, round aubergine and  

                young pepper. 

            7. Season with palm sugar, fish sauce. 

            8. Before removing from heat, add the sliced red chili, kaffir lime leaves and holy  

                basil leaves. 
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C10 : Kaeng Khiao Wan Luk Chin Pla Krai 

Ingredient Weight per serving (g) 

Fish ball  

Feather back fish meat 54.79 

     Coriander root 0.69 

     Garlic 1.25 

     Pepper 0.08 

     Salt 0.24 

     Water 3.34 

Coconut milk  

     Thick coconut milk (directly extract) 28.47 

     Thin coconut milk 95.68 

       Grated coconut  68.49 

       Water (for coconut milk extraction) 97.6 

Chili paste ingredients  

     Green hot chili 0.58 

     Green chili  3.71 

     Peeled garlic, chopped 2.32 

     Peeled shallot ,sliced 2.06 

     Lemon grass, sliced across 0.7 

     Galangal, sliced across finely 0.38 

     Kra-chai, chopped 1.46 

     Kaffir lime rind, slice finely 0.36 

     Coriander seed, roasted 0.31 

     Cumin, roasted 0.08 

     Salt 0.99 

     Shrimp paste 0.94 

     Pepper 0.08 
 
Coriander root, chopped 0.69 
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Ingredient Weight per serving (g) 
 
     Yellow chili 

 
1.04 

Vegetable  

     Round aubergine 13.7 

     Pea aubergine(Ma-Kheua Phuang) 9.6 

     Red chili 1.6 

     Kra-chai, sliced long wise 7 

     Kaffir lime leaves 0.3 

     Sweet basil leaves 3 

Seasoning  

     Palm sugar 3.2 

     fish sauce 1.4 

Weight per serving = 190 g  

Add : Pla Pon 1 tsp, 3 g  

Preparation for fish ball  
1. Pound together pepper, coriander root and garlic until fine. Then mixed into 

the fish meat. 

            2. Thicken the fish meat by thrash in the bowl. 

            3. Mold the fish meat for small ball and boil in the hot water until well-done. 

Method  

            1. Pound together all ingredients of chili paste until fine. 
            2. Add water to coconut and squeeze out for thick coconut milk and thin 
coconut milk. 

3. Stir the thick coconut milk until coconut milk being to have an oily sheen, 
reduce heat, place chili paste into stired thick coconut milk and stir again.    

            4. Stir fish ball with chili paste, add Kra-chai. 

            5. Place into boiled thin coconut milk and boil again. 

            6. Add pea aubergine. When boiling, add round aubergine. 

            7. Add kaffir lime leaves and red chili. 

            8. Season with palm sugar, and fish sauce and boil again. 

            9. Add the sweet basil and remove from heat. 
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