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Abstract

From our previous nutritional assessment, low potassium (K) intake among northeastern
Thai males has been clearly demonstrated. This prompted us to undertake a survey of the K con-
tent of local foods. Food samples comprised of 57 animal and 142 plant products which were
collected from various places in the northeast of Thailand. The dry ashing method was used to
prepare the samples for K analysis using an atomic absorption spectrophotometer. Foods could
be divided into 7 groups according to their K levels. Foods containing K > 1000 mg per 100 g fresh
food were categorized in group 1. These were mainly foods in the legume group, i.e., soybean,
cowpea and mungbean. While rice (polished) and rice products, the main staple, were in group 7,
the lowest K group of less than 100 mg per 100 g fresh food.

Comparison studies of the natural foods between those collected from the northeast and
from the central regions of the country, and between the cooked foods purchased from the rural
villages and from the urban areas of Khon Kaen municipality, showed that, for most food items,
the K content was similar wherever it came from. However, when the K content in various parts
or in different stages of growth of the same kind of plants or animals was compared, a great
variation was clearly seen, for example, young tamarind leaves contained K in group 6 whereas
ripe tamarind fruit contained K in group 1. According to our food consumption data, the analysis
of food components of 48 meals taken during the hot season by 13 rural volunteers revealed
that food items eaten with the highest frequencies and in the largest amount were those in the low
K food groups, i.e., glutinous rice (group 7) and green papaya (group 6). Our results suggest that
the low K intake of these northeast rural Thai people is not due to a low K content of foods in
this region, but rather that their food habits and low socioeconomic status restricts consumption
of those food items with higher K contents.
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Studies on blood and urine compositions
revealed that people in rural areas of the northeast
region of Thailand might be deficient in potassium
(K) due to the findings of high prevalence in hypo-
kalemia and hypokaliuria(1'3). Recently we
assessed the nutritional status of K among these
rural subjects and found that their dietary intake
was very low(3). There are two possibilities caus-
ing their low intake of K. Firstly, foods produced
in this region by themselves might contain low K
and secondly, their food practices or socioecono-
mic problems caused them to take only or mostly
food items of low K content. So far, there are no K
values nor a recommended dietary allowance
(RDA) in the Thai Food Table(4) and the few
studies on the K contents of Thai foods available
at the present are those only for foods of the cen-
tral region of the country(5-7). In the hope of
finding out the real causes underlining the low
dietary K intake of these people, we therefore were
interested in the study of K contents of foods com-
monly consumed in the northeast region.

MATERIAL AND METHOD
Sources of foods and their preparation for K
analysis

Raw foods: Foods comprised of 57 ani-
mal and 142 plant products were obtained from
two sources, collected directly from their natural
habitats and purchased from markets. Five local
markets in the provinces of Khon Kaen, Loei,
Udon Thani, Ubon Ratchathani and Si Sa Ket were
the places of purchasing raw foods. In a compa-
rison study of K contents in foods between the
northeast and the central regions, vegetables and
fruits gathered from their natural habitats in various
areas of Phra Nakhon Si Ayutthaya (the Central)
and Khon Kaen (the Northeast) provinces were
analyzed and compared. Vegetables and fruits were
thoroughly washed with drinking water and left to
air-dry in the laboratory for 2-3 hours. About 200-
300 g of edible parts were chopped into small
pieces, minced in an electric blender and used for
analysis.

Cooked foods: Commonly consumed
cooked foods were obtained from various shops
around Khon Kaen municipal area and also from
small shops in rural villages. Some cooked foods
were given free of charge from acquainted vil-
lagers. All food was homogenized in an electric
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blender for about 5 minutes or until the food texture
became homogeneous. If foods were too dry, some
known amount of distilled water was added before
homogenization.

Analysis of K contents in prepared foods

About 3-15 g of prepared foods were
weighed exactly (up to one-tenths of a gram) in
crucible cups. The cups were placed on a hot plate
under a fume-hood and the temperature was slowly
increased until the samples became thoroughly
charred. If the sample was a liquid, it was pre-
dried on a hot plate. The cups with charred samples
were then placed inside the muffle furnace and
burnt to ash overnight at 700°C. K contents in ash
were analyzed by an atomic absorption spectropho-
tometer as described by Oiso and Yamaguchi(8).
Preparation of ash and analysis of each food sample
was performed in triplicate.

RESULTS
K contents in Northeastern Thai foods

From the results of our analysis, all foods
studied could be divided into 7 groups according
to their K levels in mg per 100 g wet weight as
shown in Table 1. While the highest K content
group or group 1 was mainly foods in the group of
legumes (soy bean, cowpea and mung bean), rice
(polished) and rice products, the main staple and
the main source of energy, were put in the lowest
K content food group or group 7. Most meat and
meat products contained moderate K (group 4 - 6).
It should be noted that no animal or animal pro-
ducts had K contents high enough to be classified
into the high K groups (group 1 and 2).

A comparison of K contents in foods of the
Northeast and the Central regions

Geographically, most of the soil series in
the northeast region are light-textured and unfer-
tile, while in the central region they are heavy-
textured and rich in organic matter. Therefore,
soils of the central region have a higher cation
exchange capacity (C.E.C.) and so contain more
K as well as other cations(9). However, the results
of our analysis showed that foods from the two
regions were similar with regard to their K con-
tents (Table 2). This suggests that soil quality has
no effect on K levels of the plants grown on
them.
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Table 1. Groups of Northeast Thai foods according to their K contents. Names of foods in each group are
listed from the highest to the lowest K contents. P., stands for plants and plant preducts and A.,
stands for animals and animal products.

Food groups
(K, mg/100 g
fresh food)

Foods

Group 1 (>1000)

P./- Soybean (seeds, dried). Chili pepper (dried). Cowpea (seeds, dried). Tamarind (ripe pods, both sweet
and sour species). Wild yam (small, * Mun loog heb). Mungbean (seeds, dried).

A./-Nil

Group 2 (500 - 999)

P./- *Pak krat. Garlic (bulb, dried). Coriander. *Pak chee lao. Ground nut. Pepper (young fruit). Leech
lime (leaves). Horseradish (pods).

A /-Nil

Group 3 (400 - 499)

P./-Mushroom (wild, small, yellow). Hog plum (ripe). Cassia (young leaves). Ginger (mature rhizome).
Bamboo shoot (small type). *Pak koom. Neem (flower). Water fern (leaves). Mint. Carrot. *Bai ya nang.
Cashew nut. Leadtree (young leaves). Pumpkin (flowers). Chili pepper (small, fresh). Sesame. Horseradish
(young leaves).

A./-Shrimp paste. Insect, black plant beetle. Fermented fish.

Group 4 (300 - 399)

P./- Celery. Banana (buds and flowers). Amaranth (spineless). Swamp cabbage (red stem). Galangal.
Soybean sauce. *Pak kanjong. Mushroom (straw). *Pak sarb. Acacia insuavis (*Cha om). Leadtree
(mature seeds). *Pak wam. Spinach. Shallot. Vine spinach. Egg plant (plate brush). Rattan shoot. Coconut
(meat, mature).

A /- Pork (medium fat). Beef (liver sausage). Beef (meat). Pork (kidney). Fish (snake-headed). Beef (heart).
Pork (meat, wild species). Insect (*Mang ka chon). Pork (liver).

Group 5 (200 - 299)

P./- *Pak pang puay. Tropical almond. *Pak tiew. Amaranth (spiny). Indian penny wort. Egg plant.
*Pak ilog. Sweet basil. Manila tamarind. Pumpkin. Jujube. Bastard mustard. Bitter cucumber (small).
Leedtree (young pods). *Pak krajeow. Wild betal. Banana. Bamboo shoot (pickied). Shallot (bulb, dried).
Garlic (young green). Chili pepper (medium, fresh). Sesbania (young leaves). Ivy gourd. *Pak pai. Bitter
cucumber (large). *Pak linfa. Jack fruit (ripe). Cabbage. *Pak sameg. Mushroom (wild, big, white). Rambai.
Swamp cabbage (white stem). Tamarind (young pods). Chinese leek. Papaya (ripe). Water mimosa.
Cabbage (branches).

A./- Beef (spleen). Fish sauce (good quality). Fish (cat fish). Insect (cricket). Rat. Silk worm (larva).
Duck (egg preserved). Beef (stomach). Shrimp (small, fresh water). Beef (liver). Insect (water beetle).
Fish (*Plalode). Fish (*Plabueg). Frog. Chicken (liver). Duck egg (salted). Crab (small, fresh). Duck (heart).

Group 6 (100 - 199)

P./- Chinese kale. Chinese cabbage. Crow daisy leaves. Star goosberry. Swamp algae. Sweet potato.
Com (boiled). Corn (young). Chinese white cabbage. Cucumber. Egg plant (long). Sapodilla. Mushroom
(oyster). Lemon grass. Mushroom (wild, small, red). Bottle gourd. Mango (unripe, nonspecified). Onion.
Tomato. Lettuce. Papaya (unripe). Guava. Cauliflower. String bean. Emblica. Water melon.. Carambola,
(sour). Hog plum (young leaves). Sugar pea. Governor plum. *Pak kradone. Rice (unpolished). Rice
(glutinous, unpolished). Coconut juice. Taro. Four-angled bean. Mungbean sprout. Tamarind (young
leaves) Pineapple. *Pak som mong. Water lily.

A./- Fish sauce (low quality). Fish (climbing perch). Fish (carp). Duck (gizzard). Chicken (gizzard). Fish
(swamp eel).Lizard (*Yae). Beef (lung). Beef (sausage). Chicken (heart). Lizard (* King ka). Fish (small,
fresh water). Insect (grass hopper). Frog (small). Duck (intestine). Chicken (intestine). Insect (*Mang da na).
Milk (cow). Pond snail (small). Duck egg (whole).

Group 7 (< 100)

P./- Shallot (flowers). Sesbania (flowers). Rice (polished). Sponge gourd. Rice (glutinous, polished). Malay
apple. Bamboo shoot (nonspecified). Jack fruit (young). Carambola (sweet). Lime juice. *Pak khyang. Rice
noodle (round). Rice noodle (flat). Yambean. Mushroom (Jew's ear)

A./- Hen egg (whole). Ant egg. Pork (lard). Pond snail (large). Duck (blood). Chicken (blood). Pork
(blood). Beef (blood)

* = Local names
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Table 2. A comparison of K contents in some common foods (plants and plant products) between the
Northeast and the Central regions. These foods were gathered from their natural habitats.

No. Foods K contents (mg/100 g fresh food)
(no. of samples analyzed) Northeast region Central region
1 Leadtree (young leaves) (8) 414 444
2 Neem (young leaves) (8) 407 450
3 Ivy gourd (8) 300 362
4 Cassia (young leaves) (4) 471 329
5 *Pak kradone narm (3) 302 418
6 Swam cabbage (red stem) (12) 380 445
7 Rice (polished) (4) 97 116
8 Papaya (unripe) (8) 153 134
9 Star gooseberry (6) 194 214
10 Jujube (8) 273 311
i1 Tamarind (young pods) (5) 228 255
12 Tamarind (sour, ripe pods) (5) 1210 1397
13 Manila tamarind (4) 276 188
14 Cassia (young leaves) (5) 350 400
15 Coconut (meat, mature) (4) 297 301

* = Local name

Table 3. K contents per serve in some dishes commonly consumed in the urban area around Khon Kaen

city.
No. Name of dishes X, mg
(Local names) per serve per 100 g of fresh foods

1 Rice noodles with meat and meat

balls (Kuay-tiew) 594 108
2 Cooked pork leg on rice

(Kao-ka-moo) 504 63
3 Chicken rice and soup

(Kao-man-kai) 476 69
4 Rice noodles with curried chicken

sauce (Ka-nom-jeen-kang-kai) 409 56
5 Rice noodles with curried fish sauce

(Ka-nom-jeen-nam-ya-pla) 652 128
6 Rice noodles with coconut curry

(Mee-kra-ti) 522 116
7 Fried rice with some pork and egg

(Kao-pad-sai-kai) 286 53
8 Fried rice noodles with some pork

and vegetables (Kuay-tiew-rad-na) 290 66
9 Fried rice noodles with some pork,

egg and vegetables (Pad-tai) 260 59

10 Rice with fried pork
(Kao-rad-moo-gra-pao) 235 47

K contents in cooked foods

Table 3 shows K contents per serving of
some dishes commonly consumed in the urban
area. These foods were purchased from various
food shops around Khon Kaen city. In a comparison
study, we analyzed some cooked foods having the

same names, but purchased from different places,
i.e., from urban areas and rural villages. It is in-
teresting to see that cooked foods of the same
kinds, wherever they were from, had similar K
contents (Table 4).
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Table 4. A comparison of K contents in some common cooked foods between those purchased from the
rural villages and the urban area of Khon Kaen city.

No. Cooked foods
(Local names)

K contents (mg/100 g fresh food)
purchased from villages  purchased from urban area

1 Papaya salad (Somtam) 244 219
2 Bamboo shoot salad (Soop-no-mai) 101 160
3 Egg plant salad (Soop-ma-kure) 261 250
4 Jack fruit salad (Soop-ka-noon) 171 235
5 Chicken curry with some vegetables (Om-kai-sai-pak) 170 144
6 Bamboo shoot curry (Khaeng-no-mai) 123 99
7 Cat fish sauce with chili (Pon-pla-duke) 297 186
8 Rice noodles with curried fish sauce (Ka-nom-jeen-nam-ya-pla) 112 128
9 Rice noodles with meat and meat balls (Kuay-tiew) 82 108
10 Small shrimp salad (Koy-koong) 280 340

Food ingredients and their frequencies of use in
48 meals

From the data on food records of 13 sub-
Jjects studied in 8 provinces, we analyzed the food
ingredients used in cooking their 48 meals con-
sumed during the hot season(3). Altogether, there
were 44 kinds of food ingredients. As expected,
polished glutinous rice (food group 7) had the
highest frequency of consumption of 41 times per
48 meals (Table 5). It should also be noted that
there were no legumes among their 48 meals.
Although fermented fish (group 3) ranked the
second in the frequency of consumption, the
amount-consumed, however, was extremely small.

DISCUSSION

In 1989 and 1990 Sirichakwal et al(6) and
Kongkachuichai(7) respectively reported the results
of their studies on mineral contents of some Thaj
foods. With regards to the K contents, they found
that foods in the group of legumes had the highest,
rice and rice products and some sea foods were
among the lowest, whereas, meat and most vege-
tables and fruits were in between. Our results in
general in this report, though studied in a different
region, agreed well with their findings. Thailand is
a small country and its transportation network is
in a very good condition, so it is possible that food
available in different markets or regions may be
transported from the same production places.
Therefore, when analyzed, they all showed similar
K contents as might be the case of ours studied in
the northeast in this report when compared to
those studied in the central region(6,7). However,

in a comparison study between the northeast
(light-textured soils, low C.E.C.) and the central
regions (heavy-textured soils, high C.E.C) when
foods were gathered from their natural habitats,
their K contents were also similar. The level of
K in any food therefore does not depend on the
quality of soil from where it is produced as
observed for some other minerals(10), but rather
depends on the parts of the particular food or
stages of its growth. For instance in case of the
tamarind plant, the K content of its young leaves,
and young and ripe fruits were in groups 6, 5 and
1, respectively. Similarly, foods produced from
various parts of an animal, for instance pig, have
the K content which could vary from as small as
group 7 (pig's blood) up to group 4 (pork, medium
fat).

Our previous study showed that K intake
of rural dwellers in the northeast region was very
low when compared with the people living in the
western hemisphere(3:11). Their low K intake was
clearly not due to the low K contents of foods pro-
duced in the region. Furthermore, in another com-
parison study of the K content of the same cooked
food purchased from the urban and the rural areas,
the results were similar. These results suggest
that the low K intake among these rural people
was probably due to their food practices or socio-
economic problem allowing them to consume food
items in the groups of low K or consumed cooked
foods made from food ingredients in these groups
more often. This is clearly seen from the results of
food ingredient analysis of 48 meals consumed
by the 13 rural subjects. Their daily intake of
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polished glutinous rice (group 7) was the highest
in frequency and the amount was as high as 248 g
per meal or 744 g per day, an equivalent to K
intake of 642 mg. Since the daily K intake of rural
people in the northeast region was reported to be
only 800 - 900 mg(3), it meant that they obtained
K mostly from the consumption of glutinous rice
alone. In other words, their daily meal contained
mostly glutinous rice. This seems to be true when
looking at its energy contents. This amount of
glutinuous rice could give 2976 kcal in energy,
an amount equivalent to the RDA of energy for
active Thai males aged 20 - 50 years old (2800
kcal)(4). This pattern of food consumption is
probably responsible for the low levels of K found
in blood and urine of the rural northeast Thai
population(1-3). Moreover, it should be noted that
there was no food group 1 among 44 food ingre-
dients consumed.

Due to an extraordinarily high prevalence
of some metabolic diseases in this region(12-15),
K deficiency is believed to be an important cause
of these diseases(16,17), yet, their true mechanisms
are waiting to be elucidated. Furthermore, growth
retardation among preschool children is also com-
monly seen in remote villages of the northeast
region(18). Though the direct cause of this abnor-
mality is protein energy malnutrition as a conse-
quence of poverty(19), K depletion is also pro-
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bably attributed to the growth retardation seen in
these children. This is because it has been shown
in both animals and humans that K also plays an
important role in the processes of protein biosyn-
thesis and utilization(20,21). Furthermore, K defi-
ciency seems not only to be a human health pro-
blem, animals in this region such as water buffalo
have been reported to be affected as well(22).
Changing the food habits of these rural
dwellers is probably the best recommendation to
improve their K status. For instance, by the fre-
quent taking of common dishes consumed by urban
residents No. 1-6 listed in Table 3, one should
expect to increase by about half their usual daily
dietary K intake(3). Another alternative is to in-
clude soybean, the highest K content food, in their
daily meals. Promvanich et al(®) have shown that
one of the best sources for K is fruit juice. From
our data of food analysis, we found that ripe
tamarind fruit contained very high K (group 1,
Table 1). Since tamarind is a plant found abun-
dantly in the northeast region, taking a glass of
fruit juice made from tamarind, from time-to-time,
is probably the best and most suitable recommen-
dation to increase the K intake for the poor rural
people in the northeast regton of Thailand.
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English Thai English Thai
Acacia insuavis (*Cha-om) Aoty (swamp eel) dalva
Amaranth YN (small, fresh water) UaduazUanindaaauén
(spiny) gliasnun Fish sauce Wan
(spineless) gl lufinuin Frog ny
Ant-egg legnaus Garlic WnszReuwis
Bamboo shoot wiply Garangal W
*Bai ya nang Tughue Governor plum anazYugn
Banana naaea Ground nut DA
(buds and flowers) fnaan Guava e
Bastard mustard nNeLlen Hen n
Bitter cucumber HETE Horse radish NI
Bottle gourd R Hog plum NEnBN
Beet s Indian penny wort Tuun
Cabbage nenanla vy gourd LRGN
Carambola PRt o Insect LN
Carrot WuAsen (black plant beetle) uNAIAYY
Cashew nut IRHEN WANWIUS (cricket) Fmda
Cassia Fndn (*Mang ka chon) UHBINTTYAY
Cauliflower AONNENAD (water beetle) UNRIAULF
Chinese kale Azl (*Mang da na) LN
Celery Ausihe (grass hopper) ARuaY
Chili pepper W3 (5INTUR) Jack fruit PYU
Chinese cabbage NN Jujube wnlne
Chinese white cabbage PTalanl LTt Lead tree nsziiu
Chinese leek nedle Leech lime b o)
Comn 412 lwe Lemon grass nzlas
Coriander wnd Lettuce dnmanaw
Cowpea D26 Lime juice Wwzua
Coconut nzwiNM Lizard dnidpanaiu
Crow daisy leaves tnesls (*Yae) we
Cucumber WANn (*King ka) Aqrn
Chicken 1A Malay apple PHY
Crab 1y Mango uzmuiady
Duck e Manila tarmarind HEUNNNET
Egg plant szdanne Mint qEsTUNY
(long) Hzilnen Mungbean den
(plate brush) HoWDW Mung bean sprout d79an
Emblica nz NN Mushroom g
Four-angied bean ﬁw_\l‘ (oyster) HARU9TH
Fish Uan (straw) AW
(fermented) dan$ (Jew's ear) Aaymy
(carp) Jafiasdanlu (wild, small, yellow) WAy
(climbing perch) Uamun (wild, small, red) e
(snake-headed) Ustau (wild, big, white) was=len
(cat fish) Yagn Milk s
(*Pia lode) Uaman Neem qN
(*Pla bueg) Jaain Onion AINDHUA
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English Thai English Thai
Papaya NERTND (larva) s
Pepper wining Sapodilla AT
Pineapple qulrsa Sesbania wA
*Pak chee lao dnga Sesame N
*Pak krat tinAa Shallot NBHUA
*Pak koom Ny Soybean sauce ﬁaaﬁdmﬁmﬂﬁfgwmm
*Pak kanjong dnAUAng Soybean dundng
*Pak sarb dnany Spinach anthelds
*Pak som mong dnanlng Swamp cabbage AT
*Pak finfa dnau Sweet basil Tuunean
*Pak pai wnwWe Sugar pea frduen
*Pak kradone dnnszlou Sponge gourd UILUvaN
*Pak krajeow gnnIsIen Star gooseberry HEEN
*Pak khyang TICIN String bean filnen
*Pak clog tnaaan Swamp algae [ATato
*Pak tiew BN Sweet potato Nune
*Pak pang puay NUWIWIE Shrimp e
*Pak sameg dnazin Shrimp paste nszi
*Pak warn HNYU Taro \Han
Pumpkin Wnna Tamarind NEUH
Pork oy Tomato ntdaine
Pond snail B Tropical almond anplne
Rarmbai nzlW Vine spinach anuas
Rattan shoot wipnae Water melon umalngn
Rice 417 Water lily e
(glutinuous) Tunilen Water mimosa tinnszian
Rice noodie WWURRINg Water fern wnwiu
(flat) durenden Wild betal Tuazwg
(round) uuNIy Wild yam wWadurh
Rat iy (small,*Mun loog heb) Augnuiy
Silk worm Alnn Yambean quum

* Local name



