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Effects of Cooking Methods on the Retention of Vitamin By
in Foods, and the Approximate Cooking Loss in Daily Meals

Keiko SHisaTa, Yasuyo Yasunara and Kazuto Yastna
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Data were obtained that might be applicable to estimate the cooking loss of vitamin By (Bs) in daily
meals against the actual Bs intake. Based on the result of our dietary survey of 19 healthy women, the
amount of By in meals after cooking measured by HPLC was approximately 13% of that before
cooking (calculated by the standard food composition table). To further ascertain the actual Bg loss,
the meals from the dietary records were reproduced, and the result obtained from measuring Bg in
these meals before and after cooking also proved to be approximately 13%. Most of the animal foods in
the daily meals studied were cooked by dry heating, resulting in a relatively low level of By loss,

whereas many plant foods were cooked by wet heating. The cooking loss was greatest when foods were

boiled, followed by deep-frying and sauteeing in that order. If the water used for boiling, which can be
expected to contain dissolved By, was taken with the ingredients, however, boiling was found to result

in relatively little By loss.
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INTRODUCTION

Loss and retention of vitamins in food during
cooking have been reported elsewhere in the
literature. Much of the experimental data pertaining
to cooking loss has been of limited use, however,
because they reflect only controlled laboratory
conditions, rather than conditions likely to be
encountered outside a laboratory setting. Although
information about cooking loss obtained from a case
study on an individual food increases the overall basic
knowledge of nutrition, it is of limited applicability,
and simple averaging of such data does not
necessarily result in data of any practical use. For
example, studies on the cooking loss of B,"* and B,*"
have produced results which differed between the
individual foods and meals. Moreover, the relationship
between this loss and daily intake of vitamins from
meals cannot be properly assessed from these basic
data. Daily meals usually consist of several dishes
cooked by various methods, and the dish combina-
tions are almost habitual. Furthermore, calculation
and analysis methods are also important”™ for a
nutrient analysis. One particularly useful method for
calculating the vitamin content of a meal, from the
standpoint of nutrition control, is to multiply the total
content in all ingredients by the approximate loss

during cooking.

Vitamin Bg (Bg) was not included in Recommended
Dietary Allowances (RDAs) for the Japanese until
their 6th revision,” and as a result, there has been
insufficient study of By intake in Japan. In western
countries, earlier reports on By intake based on
dietary surveys have dealt with food sources or health
effects related to the quantity of By intake, and most
studies of cooking loss were case studies. There have
been few reports on the relationship between the
cooking loss in daily meals and dietary habit.
Moreover major studies of By retention (%) in
cooked foods have generally relied on a micro-
bioassay to determine the total Bg content, an
approach which does not provide information about
differences in the bioavailability of vitamers.™ We
have previously investigated the relationship between
the dietary By intake and serum By level” and the
retention of By in cooked foods as measured by
HPLC," but we did not report on By retention in daily
meals in relation to the food source and cooking
method.

The purpose of this investigation is to determine
the approximate cooking loss in daily meals and to
collect other useful data pertaining to By intake. We
first studied the actual By intake from daily meals by
the duplicate meal method, using HPLC, dietary
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recording, and measurement of serum By levels, in
healthy women. We then conducted an experimental
examination of the retention of By in several foods
(all of
often consumed), using cooking methods commonly
by the Finally,
assessed the approximate cooking losses
by preparing reproduced meals

random samples from the dietary records.

which are good food sources of By and are

used respondents (o Survey. we

daily
based

in

meals on

MATERIALS AND METHODS

B¢ intake using the dietary survey, analysis of
duplicate meals and By serum levels
1. Subjects and experimental design

Nineteen healthy female students aged 22-30 years
were recruited at Kagawa Nutrition University.
were

They
not consuming any nutrient. supplements and
were trained in keeping dietary records. To deter-
mine the actual By
records over 3 consecutive

weighting method) and

compiled
(by the
each

intake, we dietary

days dict

collected

ary
subject’s
The morning after the third day of

recording

duplicate meals.
collection,
1 By in
This study was approved
by the Human Studies Committee of Kagawa Nultrition
University, and ob-
tained from each subject.

dictary and duplicate  meal
fasting blood samples were obtained and tota
the serum was determined.
written informed consent was
2. Analysis of dietary records

The values for the intake of By and other nutrients
were calculated [rom the dietary records, based on a
Japanese standard food table."
3. Analysis of duplicate meals

The B, content in the duplicate meal was measured

by HPLC. Collected samples were stored at —45C

until needed for analysis. Total samples from each
person  for a single day were combined and
homogenized. By was extracted with 1 v cold HCLO,

according 1o the method of Toukairin-Oda er al™
The By vitamers—pyridoxine (PN), pyridoxal (PL),
pyridoxamine (PM), (PLD)
and pyridoxamine 5 -phosphate (PMP)—were deter-
mined according to the method of Edwards et al.'”
using a post-column reagent containing Na,S,Os.
A TSK-gel ODA-80TsQA column (4.6 mun [D X250
The
temperature (2

pyridoxal 5’-phosphate

i,

Tosoh, Japan) was uscd. Was

performed at

separation

room HC), using a

Vol. H

2 No. 12 (200D
al 1.0 The

spectrophotometer was set at an emission wavelength

a flow rate of ml/min. fluorescence

of 325 nm and an excitation wavelength of 400 nm.
Pvridoxine 5-phosphate (PNP) was determined ac-
cording to the method of Sierra and Vidal-Valverde,"
using acid phosphatase (from potato). Pyridoxine 5'-
(PNG)
of Gregory

F-glucoside determined  according 1o
the
glucosidase (from almonds).
the PN equivalent  calculated by
converting cach vitamer—DPN, PL, PM, PLP, PMP, PNP
and PNG—into PN. The standard vitamers of 13; (PN,
PL, PM, PLP PMP), (from

potato) and J-p-ghicosidase (from almonds) were

was

method and Sartain,'" using [ J-n-

The total B, content is

(‘X[)I'(‘SS(‘(‘ ds

and acid  phosphatase

obtained from Sigma Chemical Co. (St. Louis, Mo,
[TS.A).
4. Total By content in the serum

The B, content in the serum was  determined
according to the method of Edwards er al.'™
Experimental examination of Bg retention in

selected cooked foods
1. Sample and cooking methods
The sample foods selected were good sources of By
and often consumed (according to dietary records)
by our subjects, as well as by the Japanese in general.
The selected foods were purchased from supermar-
kets in Saitama Prefecture. Samples were prepared as
Table
main  categories according to heating:

shown in The cooking methods were in (two
dry heating
methods (sauteing, grilling and deep-frving) and wet
heating  method  (boiling).  These

applied to each food in accordance with their cooking

methods  were
properties.
hot plate (220 +

(2804+20C) for grllhng, and an electric cooker and

oo l\ ng equipment included an electric
0'C) for sauteing. a convection oven

stainless steel pzm (18 e 1D) for deep-frying in 17 of
(170+10C). The
deep-frving was allm used for the wet heating method,

salad ol equipment used  for
with distilled water in place of salad oil. The volunes
of water used for wet heating are Table 1.
An electric rice cooker (Toshiba RCK-10CMT) was

used to cook rice.

shown in

the meat and fish was based
sample,

The heating time for

on the internal temperature of because
adequate endpoints of heating were designated as the
internal temperatures for meat samples given in the

guidelines from AMSA™ and those for fish given by

mobile phase consisting of 0.075 s KH.PO,-0.075 W our pre-experiment, The internal temperature of a

NaClO,-0.05% N(CH.CH.OH),-1.5% CH,LON (pH 3.38) sample  was  monitored by a  copper-constantan

at a flow rate of 1.0ml/min. The post-column thermocouple placed at the geometric center of the

reagent was 025 v KoHPO (=53 v NaaS:05 (pH L) sample. The temperature rose from 200 to the
26 (1138}
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Table 1

Sample preparations and cooking methods

Food item

Sample size and weight per unit

Method, heating to internal temperature

and heating time

Beef sirloin

(separable lean)

SXHX LS em
() g/piece

saite 1o 60°C (rare),
70°C (medium), 80°C (well-done)
deep-fry to 80°C (approximately 4 min)

boil for 10 min

Beef round

slice: H X 10X 0.2 em

10 g/pw( e

(separable lean)

cube: 3x 23X 3 e, )’v ;,/pw( ¢

Pork loin

(separable lean)

saute for 108

boil for H s and 30 min

hml [\)1 (>() min

4X4X 1 em
40 g/picce

saute to 85°C (approximately 3 min)
decep-fry to 85C (approximately 2 min)

boil to 85°C (approximately 3 min)

Pork ham

slice: 4 X 10X 0.2 em

10 g/piece

saute for b0 s

boil for H s an(l 20 min

(separable lean)

cube: 3X3 X2 em

25 g/piece

Chicken breast
Chicken thigh

(fresh only)

deep-fry 1o 85 ( (Jp[)l()\]lll:l“‘l\ D mm)

h()ll for 30 min

3XX2 em
30 g/piece

Salmon

HX 10X 1S em
60 g/picce

Horse mackerel

Chicken egg

90 g/picce

(without head & entrails)

M size ( )g ’)() £ net)

3 p oces (l()( £ net )/lnnv

Polished rice

oded

Sovbean

Brocceoli

150 g in 600 g ul (hsllll(*(l water
L )

soaked for 15 11 (

)()() g+<hsl11]ml water 750 ;,/ ime

saute 10 85C (zl])])r()ximul(‘ly 7 min)
deep-fry to 85°C (approximately 4 min)

boil for J( min

L,Il“ and saite to 8()( (ay )pl()\nnalvl 7 min)
deep-fry to 80°C (approximately 8 min)
boil to 80°C (am>r<>x1m(xte\l 8 mln)

-~

‘L,ll” 1o 8()“( (approximate lv 7 min)
deep-fry 1o 80°C (approximately 6 min)

iml{ 0 80 ( (dp[)[t))dlndl(l\ 11 mm)

NE mmhl( for 2 min

boil in shell for 13 min

cook for 45 min

boil for 90 min

cut into small pieces, 2(
200 g/l

3.,/[)1(‘( e

)()u NaCl, time

Carrot

Potato

temperature designated in Table 1. Foods other than
meat and fish were heated according to the times and

conditions shown in Table

boil for 4 min

D}

1 em mun(i sh( e, 20 g/slice

3()() /500 g of (llsnllwl water, tine

Do ¢ uln XHem l(‘Il}., l
l H) ;,/ ime

lmv(lwl into 8 12 picces, 20 ;,/pw o

350 g/ 00 ;, ()l (llslxlh <I water, time

1. Deep-fried foods were

(1189)

coated with a small amount
washed
distilled water

boil for 20 min

deep-fry for 5 min

boil for 20 min

of flour. Polished rice was

distilled and then soaked in

at 20C

with water

for 1 h before cooking. The rice

SN}
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was washed in double the weight of water added to
the rice, this mixture being stirred 10 times in 10 s,
before the water was renewed and this process
repeated five times, according to the method of
Kainuma er al."™
2. Analysis of By in the food samples

Each raw and cooked food sample which had been
cooled to room temperature (25C) was ground with a
food processor. The By vitamers were then extracted
from the food sample, the method of extraction and
determination of By vitamers being the same as that
used for the duplicate meal analysis already de-
scribed. As with the duplicate meal analysis, the total
By content is expressed as the PN equivalent.
3. Calculation of By retention

The retention ratio of B; was calculated according
to the method of Murphy et al."™
Determination of the Bg retention ratio in the
reproduced meals

Meals subjects (5 days) randomly
selected from the dietary records were reproduced in

from five

order to measure the By content before and after
cooking. The By content was measured for each
subject (day) by using the method already described.

RESULTS

B; intake using the dietary survey, analysis of

duplicate meals and Bs serum levels

1. Determination of the By intake from the dietary
records

The average By intake calculated from the dietary
records was 1.06+0.19 mg/day (mean+SD) and the
average protein intake was 56.9+85 g/day. The By
intake per gram of protein intake was thus 0.020%
0.003 mg/g of protein. Most of the subjects therefore
met or exceeded the requirement for reference By,
the nutrient adequacy ratio (an index of adequacy for
a nutrient based on the corresponding RDA"™ value
for that nutrient) for By being 88.3%. As Kim er al.™
have pointed out, imposition of the tasks for
recording the food intake and collecting duplicate
food samples would probably have reduced the usual
food intake.

In our analysis of the relationship between food
groups and By intake, the main sources of By were
vegetables (21.0%), meats (15.0%), fishes (13.8%),
cereals (11.8%) and fruits (10.9%). The cooking
methods used in the preparation of foods from the
various groups are shown in Table 2. The majority of
foods were cooked by heating before intake, the
exceptions being dairy products and fruits. Meat, with

Vol. 52 No. 12 (2001)

the exception of processed foods, was heated. Most of
the animal foods were cooked by a dry heating
method (Table 2) which resulted in less By loss than
that by wet heating (boiling). Most plant foods were
eaten raw or were cooked by wet heating (Table 2)
which resulted in an outflow of By into the cooking
water. Thus, not only the food source but also the
heating method was important factors affecting the
dietary By intake.
2. Determination of the B, intake from the by
duplicate meals

The average By intake from the duplicate meal
analysis measurced by HPLC was 0.914+0.25 mg/day
(PN equivalent). The ratio of this value to the value
calculated from the dietary records was 86.7+10.8%.
Significant  correlation was found between the
measured value and the calculated value (r=0.899, p
<0.01).

PNG, which has relatively low bioavailability, ac-
counted for 15.8% of the total By intake, a significant
correlation being observed between PNG and the
total By intake (»=0.704, p<<0.01).

3. Assessment of the Bg serum level

Total serum B, was 11.1+3.3 ng/ml; thus, nobody
was observed to have a By deficiency. It is considered
that the intake of Bg was never less than 0.010-0.0156
mg/g of protein,” at which level there is no
deficiency. Significant correlation was observed be-
tween the intake of By (mg/g of protein) determined
by the duplicate meal method and the By level in the
serum (r=0.499, p<0.05).

Experimental examination of Bg retention in
selected cooked foods
1. Retention ratio of By in cooked foods

The retention of By in beef steak decreased with
rising internal temperature of the meat as the steak
was heated from rare to well-done (Table 3). The
retention ratio of By was similar for different types of
meat (Table 3), with the exception of rare and
medium steaks which both had a relatively high ratio.
With identical internal temperature end points of
heating, By retention in pork was lower when it was
boiled than when it was Although By
retention was observed to be relatively low for sliced

sauteed.

meat boiled for a long time, the shape was not
observed to be an important factor with a short
heating time. B, retention was higher for cube-shaped
meat when deep-fried (Table 3). The By retention
ratio in scrambled egg and egg boiled in the shell was
similar, and it is assumed that the presence of the
eggshell offset the effect on retention of the longer

28 {1190
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Table 2. Frequency of using cooking methods per food group from dietary records of
three days

(n=19)
Food Actual numbers from records Frequency per person
Cooking method ) .
group Total®  Individual? (Ratio%) © (mean=+SD)
Milks uncooked! 75 75 (100.0) 3.8+2.5
uncooked 1 (2.8) 0.1£0.2
] indirect heating o 21 (58.3) 1.1£0.9
Bggs . 36 X
boiled in shell 3 (22.2) 0.4+0.6
cooked in soup 6 (16.7) 0.3£0.7
uncooked 25 (43.9) 1.3+1.5
) grilling o 16 (28.1) 0.8+1.1
Fishes o BY .
deep-frying 6 (10.5) 0.3£0.7
boiling 10 (17.5) 0.5£0.6
uncooked 7 9.6) 0.4%+0.7
indirect heating 35 (47.9) 1.8+1.4
Meats ) 73 )
deep-frying 8 (11.0) 0.4£0.6
boiling 23 (31.5) 1.2%+1.1
uncooked 16 (50.0) 0.8%1.1
Pulses o 32 . o
boiling 16 (50.0) 0.8%0.9
uncooked 70 (44.0) 3.5+1.8
Vegetables  indirect heating 159 17 (10.7) 0.940.8
boiling 72 (45.3) 2.2+1.8
uncooked | (3.4) 0.1£0.2
indirect heating 1 (3.4) 0.1£0.2
Potatoes deep-frying 29 8 (27.6) 0.4+0.8
steaming 1 (13.8) 0.2+0.4
boiling 15 (51.7) 0.84+0.9
Fruits uncooked 63 63 (100.0) 3.2+2.7
bread 56 (32.4) 2.8%1.5
_ rice 88 (50.9) 4.4+1.7
Cereals! 173
noodles 23 (13.3) 1.24+0.7
5) 0.3+0.7

others 6 (3.

“Total number of dishes prepared from cach food group. PNumber of dishes prepared by each
cooking method. “Usage ratio of cooking methods for cach food group (% )=no. of times
nsed/total X 100, YRaw or uncooked  foods (fresh salad, sashimi, processed foods and
fermented foods). “Sautecing, grilling and stir-frying. "Individual cereal foods are listed,
because there are standard cooking methods normally used with specific cereal foods.

heating time. As for plant foods, By retention in boiled similar or lower when they were deep-fried than when

broccoli was 41.7%, in spite of the short boiling time, they were sauteed or grilled (Table 3). The By

because of its relatively large surface area. retention ratio was higher for meat than for fish when

2. Effects of cooking method and By vitamer on the both were cooked by dry heating, but a precise

retention ratio of By reason for this could not be obtained. In order to

The B retention ratios of the meat samples were better understand the causes of By loss, the By
(1191) 29
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Table 3.

Vol. 52

Retention ratio of vitamin By in different foods

No. 12 (2001)

after cooking

Cooking method

[Food item

Sauteeing & Grilling Deep-frving Boiling
rare 95.2x5.6"
Beef sirloin medium 86.3+3.6°  67.8+6.0" 13.243.34
well-done 79,14 1,40

Pork loin TL2£2.5% 6601120 67.6+0.5"
Chicken breast 7334887 626453 51.6+3.5"
Chicken thigh 7724250 7T 2R 55.6+1.4"
Beef round — (slice) 79.7+13.6 short time LS LA
long time 15.5+1.6¢

(cube) 27.9+£2.8"

Pork ham (shice) 79.2+6.1° short _“]m‘ B A=
long time 38.84+5.9"

(cube) 60.8+2.5" 39.0£3.2"

Salmon Sl1+7.2b 68. 145,24 67.6+0.2"
Horse mackerel 53.3£2.0 43.3+5.8 11.7+210.7
Chicken egg 85.0+21.6 83.3+11.2
Polished rice 55.0% 1.8
Sovhean 62.1+2.3
Broccoli (L7105
Carrot +5.6
Potato 24 20

Mean value 8D (n=3). Retention ratio of By (%) =(Bs content/g in food alter cooking

Xweight of food after cooking)/(By content/g in food belore cooking X weight of food before

cooking) X 100, P Significant differences between the  different letters (using different

cooking methods for the same food).

content in water used to boil the food was analyzed.
When the amount of By present in the water used for
boiling was added to the amount remaining in the
cooked food, the By retention ratio of a boiled food
sample increased (Fig. 1) to almost 100% for the plant
foods, so it was concluded that the loss of B, from
these foods was not due to thermal degradation. In
conirast, after adding the amount of By present in the
water used for boiling, the By retention ratio [for
boiled animal foods was approximately 70%, a result
which suggests that the By loss with boiled animal
food was due to reasons other than migration. There
was a variation in the vitamer stability of By among
the food samples. We theorize that the composition of
By vitamers might have been a factor in the variation
of By retention that we observed among different
foods. The composition ratios of By vitamers in a food
were altered by cooking (Fig. 2). The predominant
vitamer in animal foods (with the exception of beef)

30

was PLP, whereas the predominant vitamers in plant
foods were PN and PNG. Similar patterns of vitamer
composition were seen in chicken meat and pork,
horse mackerel and salmon, and carrots and potatoes
(data not shown). Of all the vitamers, PLP was the one
which showed the greatest decrease in composition
ratio after cooking, whereas the composition ratio of
PMP
composition ratio varied among the plant foods; for

tended to increase with cooking. The PNG
example, it was 20% in rice and 50% in potatoes.
Determination of Bg retention ratios in the
reproduced meals

No significant difference between the pre-cooking
By content measured by HPLC and that calculated
from the food tables was apparent in the reproduced
meals, as shown in Table 4. The retention ratio of B,
in a mixed diet prepared by using various methods of
cooking was approximately 85.5% (compared with the
value) and 88.89%

measured (compared with the

(1192
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beef sirloin
pork loin
chicken breast
chicken thigh
beef round (cube)
pork ham (cube)

BB, in sample
[Z2Bg in boiled water

beef round (short time)
beef round (long time)
pork ham (short time)
pork ham (long time)

salmon
horse mackerel

soybean
broccol i
carrot
potato

0 20 40 60 80 100
retention ratio (%)

Fig. 1. Retention ratios of B in various foods cooked by wet heating

_— A ] 20,0 40,0 60. 0 §0.0 oo %)

" [polished rice] 90 20.0 40.0 60.0 80. 0 100.0 (%)

raw

well done steak

ek i
deep-Trving cooking |

hoiling

0.0 20,0 40.0 60.0 80, 0 1000 (%) ey ) () 20,0 40.0 60,0 80, 0 100.0 (%)
pork ham - i— - e Epninull

raw
4 raw 69.1 J
P sauleeing
e boiting e | R s 7% (= |

|

U bt 7

Ubeiling (30min)

boiling {i ﬂ 57.1 ]

deepfrying
cube
boiling {30min)

NN 0.6 20 40, 0. ( 0. € L0 (%)
I)m@ LG 0.0 10. 0 60. 0 80.0 100. 0 )

als 0.0 20,0 40.0 60. 0 $0. 0 0006 (% 18.0
r.s(x]moh - - . raw \{W 3.7
raw ——
‘ -~ -
grilling boiling
deep-frying
botling - (.0 2000 40,0 60, 0 80.0 100.0 (%)
soyhean
raw 46.2 I

[Chicion oge ] 00 200 10,0 60.0 80.0 100.0 (%) 1] -
v | 9 e boi ] ing s 29.2

PMP e Brr e
Clexe ey [Oewe

By vitamers :

Fig. 2. Changes in the total vitamin Bg content and vitamer composition in food prepared by various cooking
methods

The total Bs content (PN equivalent) of the raw material is defined as 100%. Values of 10% or more are included. PMP,
pyridoxamine 5’-phosphate; PM, pyridoxamine; PLP, pyridoxal 5’-phosphate; PL, pyridoxal; PNP, pyridoxine 5’-phosphate;
PN, pyridoxine; PNG, pyridoxine 5’-3-glucoside.
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Table 4. Comparison of the daily By content in a mixed diet
before and after cooking

(h=5)

sontent  determi- By content Retention ratio of By

nation procedure

(mg/day) (%)

before cooking

Measured value
(HPLC)

(all cooked dishes)

Calculated value

(food table)

(all ingredients)

after cooking

before cooking

1.05£0.3

1+

0.91£0.36

H’
~1

155
-
‘F

1.0140.33

Mean+SD.

calculated value). It is concluded that the cooking
loss of By was approximately 13% in daily meals.

DISCUSSION

The results of our dietary survey and measurement
of the serum By level indicate that the daily By intake
by most of our subjects (all of whom were healthy
women) met or exceeded the requirement for By,
and that none of the subjects suffered from a By
deficiency. Their Bg; intake level was a little lower than
that obtained by the American NHANES I survey,” in
which the By intake was found to be 1.144+0.01
mg/day in American women. In the US study, the
main foods eaten were beef steak, alcoholic bever-
ages, fried potatoes and fortified cereals, whereas in
our study, the main foods eaten were raw or grilled
fish, sauteed meat, fresh or boiled vegetables and
cooked rice (Table 2). The results we obtained for the
frequency of consuming rice and bread over 3 days
(9 meals) are similar to those reported by Hatae er
al* in Japan. While many foods in the US study were
prepared or cooked food by dry heating, the subjects
in our study cooked food by wet heating more often
than by dry heating, due to the different dietary
habits. The Japanese diet has been evaluated as being
well-balanced, with a proper level of cereal consump-
tion and a good degree of diversity of food products,
resulting in a balanced intake of protein, fats, and
carbohydrates. In our study, the calculated PFC
calorie ratios were nearly optimal:” protein, 14.8%;
fat, 28.3%; carbohydrate, 55.99%, although fat tended
to be a little high. Protein from animal foods
accounted for 50.5% of the total protein intake. These
results are partly due to the level of variety in the
Japanese diet. The important factors in By loss were
not only the food source but also the cooking method

32

used. Wet heating has the disadvantage of losing By
into the water used for boiling. Plant foods were more
frequently cooked by wet heating than were animal
foods, because of the cooking properties of these
foods (for example, rice and soybean). Wet heating
only resulted in a low By retention ratio when the
water used for boiling (containing lost By) was not
consumed.

Our experimental data for By retention with cooked
foods are consistent with results of earlier studies
involving sauteed meat,” " boiled soybeans™* and
boiled vegetables™ The 50% By retention ratio of
cooked rice was the direct result of washing."' Our
results suggest that differences in the By retention
between animal foods and plant foods adjusted for the
loss of By into the water used for boiling may have
been due to different vitamer compositions. By was
more stable in plant foods than in animal foods, as
indicated by the high PN and PNG contents in plant
foods and the high PLP and PL contents in animal
foods. Reductive bonding of PL and PLP to the lysyl
epsilon amino groups of proteins and peptides has
been demonstrated to occur during thermal process-
ing,”™ and the ratio of B; compounds bound to protein
in cooked chicken breast meat has been reported to
be 20% 7" 1t has also been demonstrated that PN was
more stable than PL or PM, and that PLP was less
stable than PL.™ By retention is likely to be affected
by the stability in composition of the various vitamers.
Increases in the composition ratio of PMP and PM
after cooking were also observed, a finding consistent
with those of Ang er ol and decreases in the
composition ratios of PLP and PL were simultaneously
observed. This phenomenon has also been reported
by Gregory et al./" who found that the extent of
dephosphorylation was less than that of transamina-
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tion. Changes in the ratio of PNG due to heating were
not clearly observed in our previous study.” The
relatively low bioavailability of PNG is not considered
an important factor in daily meals, because it has
been observed (in our previous study,” and by Andon
et al and Nakano er al™") that serum PLP was not
affected by the PNG when PNG
accounted for approximately 15-16% of total B, in
daily meals.

The effect of salt (a frequently used seasoning) on
By retention was also studied. Although salt has a
coagulating effect on protein, it was not obscrved to
affect By retention when it was used in cooking at a
concentration of 1% (data not shown). This observa-
tion is consistent with that of Selman.”

The ratio of the average By intake obtained from
the duplicate meals (measured by HPLC) to that
calculated from the dietary records was 86.7% . Most
By values in the Japanese standard food tables' are
calculated for raw foods. The difference between
measured and calculated values, the apparent cook-
ing loss (approximately 13%), was obtained in the
first step of this investigation. This value for cooking
loss Is in reasonably close agreement with the B
retention ratios arrived at experimentally from the
reproduced duplicate meals. The experimental results
confirm that the cooking loss of By was approximately
139% in home-cooked daily meals which included 40%
of non-heated foods such as fresh and processed
types."

It is difficult to calculate By in a meal when not
consulting the data for some cooked foods or cooking
methods in the food composition table"
analysis data for cooked foods and cooking methods
in this table are limited. When the nutrient values for
raw foods in the table’" are used for the calculation,
the loss during cooking is not considered. We propose
the application of the cooking loss to the calculation
of By in meals as a simple and convenient method to
estimate the actual By intake.

Some measures which can be used to lessen the
cooking loss of By are (1) eating boiled foods with
soup made from the water used for boiling; (2)
avoiding a long heating time, particularly with animal
foods; (3) using preparation methods which result in
less By loss (eating raw foods, and using dry heating
with a short heating time).

intake, even

hecause

CONCLUSION

The approximate cooking loss of By in daily meals
consisting of various dishes was found to be 13%.

The experimental examination shows the cooking loss
to be the greatest from boiling (especially boiling
meal for a long time), this being followed by
deep-frying and sauteeing. The use of dry heating for
the preparation of most of the animal foods in this
study resulted in a relatively high By retention ratio.
Wet heating was found to result in a high retention
ratio when the water used for boiling was consumed
together with the boiled food.
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