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Effects of  Controlled Oil Temperature  on  the Center Temperature  of

                  Prepared Frozen Foods during Frying
                       '

             KyokoOhishi'fi KoyomiWatanabe"  ShokoShibukawa"'

 The frying time of  prepared  frozen foods was  judged by their surface  colors,  and  their center  temperatures
were  not  researched,  In our  project, we  investigated  the center  temperatures  oi  the frozen croquettes  and  meat-

balls during deep-frying, and  aimed  to find an  appropriate  frying method  to meet  the  adequate  surface  color and
the proper  inside tempevature.

 When  the samples  were  fried at  cemmonly'used  high oil temperature,  the heat did not  suruciently conduct  to
the center  parts even  after the surface  colors  were  adequate.  This tendency  remarkably  appeared  in the meatballs
that had ne  batter, The  best frying method  with  meatballs  was  to fry them  at  a  Iow temperature  in the early

stage,  and  then switch  the oil to ahigher  level when  the samples'  center  reached  O℃ ,Asaresult, the final center
temperatures  were  high enough  with  the adequate  surface  colors  and  their harder and  brittle textures were  pre-
ferred.

Key  word  : prepared frozen fbods, deep-fry, center  temperature,  oil temperature,  Induction Heabing  (IH)

                  lntroduction

  To  enrich  our  dietary lives, we  have many  kinds of
cooking  methods  : such  as  boiling, deep-flying, sauteing,

marinating,  and  so  on.  Among  the various  approaches,

deepufried food is very  popular especially  in farnilies with

teenagers, In such  households, it is reported  that the us-

age  of  this cooking  method  occurs  about  once  or twice a

week  (ito et al., 2000).

  In addition.  since  the Cold Chain Improvernent  Project

was  initiated by  the  Japanese government  in 1968, frozen
foods have become more  popular,  and  the amount  of  con-

sumption  of  them  in farnilies has increased (Minami and
Sato, 1974). For  many  families, even  jf the cook  stays  at

home, they  still use  the frozen foods once  or twice  a

week  (Miyazawa et aL  1996).

  Among  all frozen foods, prepared  frozen foods have  the

highest percentage  of production. At the present time,

prepared  frozen croquettes  are  very  popular,  and  the

amount  of  production of  this item is the  largest among

the prepared  frozen foods for over  ten years (Japan Fro-

zen  Food Association, 2007). Moreover, Fukaya (1995)
ha$ reported  that people of  any  age,  including seniors,  are

frequent users,

  When  prepared  frozen foods are  deeprrfried, they are

generally put in a  high oil temperature  of  160 to 180℃

without  thawing.  Frying  is finished when  the  surfaces  of
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the foods turn into an  adequate  brown color,  and  at the

same  time, the adequate  inside temperatures  are  also re-

quired. However, there are  a limited number  of  research

projects that are  focused on  the inside temperature  of  the

frozen foods during deepnfrying, In the  case  of irezen

foods with  no  batter, it often  happens that the inside of

the foods are  not  cooked  enough  even  if their outside  sur-

faces look finished (Tanabiki, 1974).

  In order  to resolve  this problem, we  investigated the

center  temperatures  oE the frozen croquettes  and  meat-

balls during deep-frying. And  we  aimed  to find an  appro-

priate frying method  to meet  the adequate  ins5de temper-

ature  and  the proper brown  color  of the frozen foods.

              Materials and  methods

1. Croquette  and  meatball  samples

  Prepared  frozen crab  cream-croquettes  and  meatballs

were  used  as samples.  Every sample  was  for professional
use,  and  cooked  at the iactories. From  both of  these

items, two  different sizes  were  selected  The smaller  cro-

quette made  by  company  N  was  labeled Croquette  S.

This sample  contained  onion,  crab,  wheat  flour, whey

powder,  fats and  oils, seasonings,  and  batter (bread
crumbs,  wheat  fiour, powdered  oil, starch,  saccharides).

And  the  bigger one  made  by company  A  was  labeled

Croquette L. This item contained  crab.  fat free milk  pow-

der, onion,  milk,  wheat  fiour, starch,  sweetened  condensed

milk,  fats and  oils, seasonings,  and  batter (bread crumbs,

wheat  flour, tomato  paste, powdered  oil, starch,  saccha-

rides),  These  croquettes  had not  been complete!y  cooked

before freezing at their factories, The  smaller  meatbal!
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Table  a, Forms  and  weights  of the samples

SampleMajor
 axis  Minor axls

  (rnin) (mm)Height(rnm)Weight (g)

CroquetteS  55.7± 1,1 53.5± O,5 18,3± O,8 31.1 ± O.4

CroquetteL 83.9± 2,4 80,O± 1,1 22.5± O.6 79,9± 4.0

MeatbalIS 33,9± 2,O 30.7±O.6 26.3±O.7 14.7± O.2

MeatbalIL 42.0± 1.7 37,7±1,8 34,8± 1,7 30.0± O.9

Mean  values  ±  S. D. (n=20).

rnade  by  company  K  was  labeled Meatball S. The  ingredi-

ents  of  this sample  were  ground  chicken,  onion,  bread

crumbs,  starch,  egg  whites,  vegetable  protein granules,

fats and  oils, and  seasonings.  And  the bigger one  made

by the same  company  as Meatbal1 S was  labeled Meatball

L. This item contained  ground  pork, ground  chieken,  on-

ion, starch,  bread crumbs,  egg  whites,  vegetable  protein

granules, ]ard, and  seasonings.  These  meatballs  had  been

fully cooked  before freezing. See Table  1 for the forms

and  weights  of these samples.  These samples  were  kept

in h room  where  the temperature  was  
-30

℃.

2. Heatingappllance

  The  heating appliance  (3 G-7 EMRS,  749 mm  in length,

577mm  in width,  230 mm  in depth) had three heaters,

and  during our  experiment  one  of  the IH  heaters  was

used  The  maximum  power  consumption  oi this IH heater

was  3kW,  and  the heating power  was  adjusted  by ten

levels. This heater was  equipped  with  the deep-frying

function and  controlled  the oil by  seven  levels from  140

to 200℃  at  intervals of  10℃ .

3. Method of deep-frying

  The use  of  an  exclusive  fryer pot (220 mm  in diameter,

85 mm  in height) ibr this  IH heater was  put on  the  cen-

ter of the  heater, and  a  round  grid (l90 mm  in diameter,

10mm  in height, made  from stainless  steel) was  put in-

side  the pot, This was  because the result  of  our  prelimi-

nary  experiment  turned out  to be that the samples  fried
on  this grid were  more  of  a uniform  color  of  cooking  than

the ones  put directly into the pot. The 1 ,100
 g of  oil (Nis-

shin  Salad Oil, Nisshin Oillio Group) was  preheated.  The

reason  ior this oil volume  was  that  the  samples  were

soaked  completely  into the cooking  oiL After hearing the
digital voice  of the appliance  that announced  the finish of

preheating, four croquettes  or six meatballs  were  put into

the oil at-the  same  time. During frying, all the  research

samples  were  turned  down  at intervals of  one  minute.

After frying, the  samples  were  taken  out  from  the  pot
and  kept  on  a  cooling  rack,  therefore  the  extra  oil

dropped off  from  these  items. The  oil residues  were  re-

moved  after each  frying and  the new  oil was  added  to be

adjusted  to 1,100 g. The entire  oil was  changed  after ev-

ery  third  irying

4, Mea$urementofternperature

  To measure  the temperature,  the portable types of

thermometers  (AM-7012 L, Anritsu Meter Co.) and

chromel-alumel  thermocouple  cables  (¢ 1,2mm,  BS-91

K-OIO-GM  2-ANP, Anritsu Meter Co.) were  used.

  To measure  the center  temperature  of the sarnples, the

thermocouple  cable  was  inserted into each  item, The

method  was  as  follows : the  maximum  axis  of  the sample

was  measured  by using  a vernier  caliper, and  half of this

Iength was  calculated.  A  portion oi  this length was

marked  from the  measuring  tip of the thermocouple ca-

ble, and  then at this point, the cable  was  bent and  insert-

ed  into the sample  to the limit; see  Figure 1. By  this

method,  the thermocouple  eable  couid  measure  the tem-

perature of the center  position of the sample.  Among  four

croquettes  or six meatballs,  two  of them  were  set  with

this measuring  system,  and  put into the oil with  the rest

of  the  samples.  While  the  samples  were  deeprrfried, these

thermoeouple cables  were  held by hand above  the pot.

To rneasure  the oil temperature, the thermocouple  cable

was  put in the oil along  the side  of the pot. The tip of this

cable  was  adjusted  to the center  of the oil's depth, and

fixed to the pot with  metalized  tape. All temperatures

were  measured  at  intervals oi  five seconds.

5, Fryingconditions

  The  samples  were  deep-firied by three different frying

thermocouplecable

d
                     into the sample

  Figure l. Conceptual figure of  cooking  system.

Four eroquettes  or  six  meatballs  were  put  into 1, 100 g
of oil. A round  grid was  put on  the bottom  of  the fryer

pot and  the  samples  were  put on  it The thermocouple

cables  were  inserted into only  twe of  the sarnples.  The
third  cable  was  put  in the oil along the side  of  the  pot

and  fixed with  metalized  tape,
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conditions.  We  labeled each  condition  as  
`Automatic

Type  
'

 
,
 

'Slow

 Frying Type' 
,
 and  

`Two-Step

 Type 
'

 .

  The Automatic Type  was  the  condition  when  the  sarn-

ples were  deepnfiried according  tQ the  directions written

on  the packages.  The  directions were  as follows : Cro-

quettes S should  be fried at 170℃ for 5minutes, while
Croquettes L should  be fried at 170℃ for 7minutes.

Meatballs S and  Meatballs L should  be fried at 160℃ and

each  frying time was  3minutes and  4.5minutes, respec-

tively. The  oil ternperatures  were  controlled  automatical-

ly by using  the deepLfrying  function of the IH  cooking

appliance,

  The  Slow Frying  Type  was  the condition  when  the

samples  were  fried at 12e℃ for 12.5minutes and  the oil

temperature  was  adjusted  by touching the manual  power

panel of the  IH cooking  apPliance.  The  frying was  fin-

ished when  the  surface  colors  of  the  samples  were  the

same  as  those of the Automatic Type.

  The  Two-Step  Type  was  the condition  when  the sam-

ples were  put into the oil of  150℃, and  the  heating power
was  changed  to Level 1 irnmediately by manual  adjust-

ment,  When  the center  ternperatures  of  the samples

reached  O℃ , the heating power  was  changed  to Level 5,

and  the cooking  was  finished when  the surface  colors  of

the sarnples  were  the  same  as those of the Automatic

Type. Level1  of  the IH  cooking  appliance  is about  235 W

and  this power  level corresponds  to a  low heat, Level 5 is

about  1 kW  and  corresponds  to a  medium-high  heat.

6. Measurementofweights

  Before frying, the weights  of  the samples  were  mea-

sured  by using  an  electronic  scale. After frying, the foods

were  kept at room  temperature  for 30 minutes,  and  then

their  weights  were  measured  by  the same  scale. Then,

the ratio of change  in weight  was  calculated.

7. Measurement of  colors

  The  colors  of  the iried foods were  measured  by using  a

colorimeter  (NF333, Nihon  Denshoku  Kogyo Co.). Two

points of  the surface  of the fried food were  selected,  and

L', a# and  b' values  of  each  point were  rr)easured.

8, Sensorytest

  The panel was  cornposed  of  21 people and  they were

members  of Seitoku University who  ranged  in age  from

 18 to 33 years.  The samples  of the sensory  test  were  the

Automatic  Type, the Slow Frying  Type, and  the Twou

Step Type  ef  Meatballs L, and  the test  was  eondueted  30

 minutes  after  frying. Four question items were  present-

 ed:  Preference in Appearance, Preference  in Texture,

 Strength in Olly Taste, and  Overall Acceptability. The

results  were  evaluated  by a  ranking  method,  Signficant

differences were  calculated  using  the  Newell and  Mac-

Farlane multiple  comparison.

9. Rupture  strength  test

  The  breaking properties were  measured  by using  a

creep  meter  (Rheoner REm3305, Yamaden  Co,) under  the

following conditions:  load celL  2kgf; plunger, cylinder

2 mm  in diameter ; plunger  speed,  O,5 mm/sec.  Meatballs

L of  the Automatic  Type, the  Slow Frying  Type, and  the

Two-Step  Type  were  cut  completely  in half in a horizon-

tal direction 3e minutes  after  frying. These items were

put  on  the sample  stage,  one  at  a  time, and  a plunger  was

inserted from  the upper  surface.  The  creep  curves  were

drawn on  the display and  analyzed  with  software  devel-

oped  for creep  analysis  (Ver. 1.1, Yarnaden Co.). The

measurements  were  repeated  eight  times,

Results and  discussion

1. 0il temperature  control  of the deep-frying function

  First of  al1, the perfbrmance  of  the  deep-frying func-

tion of the IH  cooking  appliance  was  investigated. For

that  purpose, the real  oil temperatures  at 150℃ ,
 160℃ ,

and  170℃ were  measured  with  the use  oi the deep-fry-

ing automatic  function. The  thermocouple  cables  were

set  in the center  and  to the side  of  the oil.

  As  shown  in Figure 2, each  oil temperature  was  almost

kept constant  for 5 minutes,  and  there was  no  difference

between the  side  and  the  center  of  the  oil. When  the

deepTfrying function was  set at  150℃ ,
 the average  tem-

perature of  the oil was  I62.6± 1,4℃, When  the set  was

at I60℃ , the  average  was  170.4± O.9℃ , and  when  the

set  was  at 170℃ ,the average  was  182.7± O.7 ℃ .These

results  revealed  that the oil temperatures  were  kept

about  10℃ higher than the setting  temperatures  ef the

automatic  deep-frying functien. Based on  this data, when

we  used  this function the setting  temperature  was  10℃

lower than the actual  temperature.  Moreover,  it turned

out  that the  oil temperatures  were  the same  at any  point.

Therefore, the  measuring  point of oil was  adopted  at the

side  because of  easier  access  to the measurements  of the

temperature.

2. 0il and  sample  center  temperatures  in the Automat-

    ic Type

  Four kinds of  prepared  frozen foods: Croquettes S,

Croquettes L, Meatballs S, and  Meatballs L were  deep-

fried with  the automatic  funetion of the IH cooking  appli-

ance.  Each frying temperature  and  the time  used  was  the

same  as  stated  in the direction on  the package.  The  de-
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Figure2. 0il temperature  controlled  by the  auto-

        matic  deep-frying funetion,

Setting ternperature and  measuring  peint : i, 150℃

andi the side  position ; A, 150℃ and  the  center  posi-

tion; -,160 ℃ and  the  side  pesition; ur, 160℃  and

the center  position  ; e, 170℃ and  the  side  position ;

O, 170℃ and  the center  position.

The deep-frying imction was  set  at 15e℃ , 160℃ , or

l70℃, and  the thermocouple  cable  was  inserted into

the oil, At  the  end  of  preheating, the oil temperature

was  measured  for 5 mins.
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Figure 3.
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            g time (min)
Representative  curves  of  the oil  and  cen-

ter temperatures  of Crequettes S and

Croquettes L ln the Autornatic Type.

i, controlled  oil temperature  during frying of  Cro-

quettes S : O, controlled  oil temperature  during fry-

ing of  Croquettes L ; ("""), center  temperature  ef

Croquettes  Si ( ), center  temperature  of  Cre-

quettesL.

Croquettes were  deep-iried with  rhe automatic  fry-

ing function set  at  160℃.
The frying time was  5 mins  for Croquettes S and  7

mins  for Croquettes L.

Each  test was  repeated  six  times.

tails about  our  procedure  were  described in Materials

and  Methods.

  On  the  basis of  the results  of the former experiment

(Fig. 2), the setting  temperature  of  the automatic  func-

tion was  actuaLly  10℃ lower than  the  temperatures  stat-

ed  on  the packages.

  Figure 3 illustrates the representative  curves  of  the oil

and  center  part temperatures  of  Croquettes S and  Cro-

quettes L. As for Croquettes S, the  oil temperature  de-

creased  once,  but recovered  and  the average  tempera-

ture of the oil for 5 minutes  was  165.5±4.5℃ . The

center  temperature  of Croquettes S increased very  slow-

ly at first, and  about  2.6 minutes  later, reached  O℃ and

then increased remarkably.  The  final average  center  tem-

perature of Croquettes S was  I09.7± 10.3℃. As  for Cro-

quettes L, the oil temperature  decreased gradually after

beginning to iry, and  it was  kept around  150℃ . The  aver-

age  of  the  oil  temperature  during  frying was  151.0±

4.6℃ . The  center  temperature  of the sarnples  increased

at  a  slow  pace, and  4.7 minutes  later reached  O℃ , Then,
the center  temperature  increased gradually, and  the final

result  was  51.5± 11.7℃ .

  Figure 4 exhibits  the  representative  curves  of  the  oil

and  center  part  temperatures  oi  Meatballs S and  Meat-

balls L. The oil temperatures  outside  of  these samples  de-

creased  a little, but kept almost constant.  The  average  oil

temperature  during frying of Meatballs S was  I49.7±

3.1℃ and  that of Meatballs L was  143.1± 4.8℃ , As  for

the center  temperatures  of  the  samples,  both of  them  did

not  increase a significant  amount  during frying. In the

case  of  Meatballs S, the center  temperature  reached  O℃

about  2.8 minutes  later, and  the  final temperature  was

3.7± 5,9℃ . As fbr Meatballs L, the center  temperature

was  kept under  O℃ during frying, and  produced  an  unac-

ceptabie  final result  with  a  temperature  at -5.1 ± O.4℃.

Table 2 shows  the characteristics  of  colors  of  each  fried

sample.  Every  sample  was  adequate  in color.

  From  these results, some  facts were  evident.  The  oil

ternperature fell to about  10℃ after  sarnples  were  put

into the  oil, but it was  kept  constant  during deep-frying,
For  this reason,  it would  be said  that the deep-f?ying au-

tomatic imction of the IH cooking  appliance  worked  well

Another indication was  that when  the prepared  frozen

foods were  deep-fried aecording  to the directions en  the

packages, the end  results  were  positive  in terms  of  their

appearances.
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Figure 4.

A,  controlled

Meatbalis S

frying of  Meatballs L  ;

of  Meatbalas
Meatballs

automatic  frying function set  at 150℃
tlme wasMeatballs

 L. Each test was  repeated  six  times.

Table 2.

O12345

       Frying time  (min)

 Representative curves  of  the oil and

 eenter  temperatures  of Meatballs S and

 Meatballs L in the Automatic Type.

   oil temperature  during frying of

 ; O, comtrolled  oil  temperature  during

         {-"'---), center  temperature

   S;(  ), center  temperature  of

L. Meatballs  were  deepTfried with  the

                   ,The frying
3 mins  for Meatballs S and  4.5 mins  ior

Characteristics of color  of  the Autematic Type samples

brown  color. the temperatures  of their centers  were  too

low in comparison  to the temperatures  of  the exterior

parts.

  Even  if the prepared  frozen foods are  perfectly cooked

products, when  they are  reheated,  the  final center  tern-

peratures must  reach  over  60℃ from  the aspects  of the
starch  gelatinization and  food taste.

  Therefore, we  next  examined  the deepmfrying condi-
tion that satisfied the results  of  the  appearance  and  the

final center  temperature  of  the Meatballs L. These sam-

ples were  used  because they had no  batter and  the size

was  larger, and  these factors produced  the  worst  result

among  the  four kinds of items.
3, Oii and  sample  center  temperatures in the Slow

   Frying Type

  To  meet  the requirements  of  the  final temperature

over  60℃ and  the adeq-ate  surface  colors, we  fried Meat-
balls L at  various  oil temperatures  from 110℃ to 150℃ .

And  we  concluded  that the highest temperature  for satis-
fying these requirements  was  120℃ with  12,5minutes
for frying time.

  Figure  5 depicts the representative  eurves  of the oil

and  the center  temperatures  oi Meatballs L. The  oil tem-

perature  was  adjusted  at  120℃ by  manual  control,  The

center  temperature  reached  O℃ about  7minutes later,
Color

Sarnple
L' a* b*

Croquette S

Croquette L

Meatball S
Meatball  L

51.0± 2.0

48.7± 1.9

38.0±9.0
39.8 ± 5.6

8.9± 1.2'8,O

± 1.49.4

±1.38.2
± 2.6

29.4± 2.325.9

± 1.8

15.3±2.0
10,3± 6.4

Mean  values  ± S. D. (n=6).
The  frying condition  of  each  sarnple  is described below  in Fig. 3

and  Fig. 4.

  However, our  results  also  indieated that the  deep-iried

foods had a  problem  concerning  their center  tempera-

tures. The final temperatures  of Croquettes S were  ade-

quate, but those of  Croquettes L were  about  52℃ . As for

Meatballs S, the  center  temperatures  inereased very  lit-

tle, while  the final center  ternperatures  of  Meatballs L did

not  reach  O℃ . Among  the  same  kinds of  samples,  the

larger ones  delayed the increase of  the  center  tempera-

tures in comparison  to the  smaller  ones,

  These results  pointed  out  that the center  temperatures

of  Meatballs S and  Meatballs L were  markedly  lower

than  those of  Croquettes S and  Croquettes L, This  differ-

ence  in temperature  was  caused  by the absence  of batter.

When  the  surfaces  of  the meatballs  reached  an  adequate

cs･wgggH

200180160140120100

 80
 60

 40

 20
  o-20

Figure 5,

O, oil  temperature

af  Meatballs L.
Meatballs  L were  deep-fried at 120℃

adjustment.

surface  colors  oi  the  samples  were  the same  as

those  of the Automatic  Type

needed.Each

 test  was  repeated  six times.

O246g  10 12 14

      Frying time (min)

 Representative curves  of  the  oii and

 eenter  temperalures  of  Meatballs  L

 in the Slow Frying  Type.

      i ( ), center  temperature

                   by manuai

  The  frying was  finished when  the

             i 12.5minutes was
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Table 3. Ratio of change  ln weight  and  the characteristics  of

       color  oi each  heating condition  of  Meatballs L

 FryingeonditionRatio ofchange
 in

 weight

Celor

v a' b'

Automatic

TypeSlow

 Frying

TypeTwo-Step

Type

O.96± O.Olb 39.8± 5,6" 8.2± 2.6a 10,3± 6.4a

O.94±O.02a 40.4± 2.3e 6.0± 2.IS 13.9± 5.0a

O.89± O.05C 42,4±7.8a 8.0±3.5" 10.2±5.la

Mean  values  ± S. D. (n=6).
The data of  the Automatic Type  is the  same  as  Meatballs L of

Table 2,The
 frying condition  of  each  sample  is described below in Fig.4,

Fig. 5, and  Fig, 6,

Values followed by the same  letters in the  same  column  are  net

significantly  dtCferent <p<O.05),

and  then  inereased gradually, The  final center  tempera-

ture obtained  was  87 .0± l1.9℃  ,

  Table3 $hows  the ratio  of change  in weight  and  the

characteristics  of  colors  of  the Slow Frying Type  sam-

ples, Each color  value  of the Slow Frying Type  was  the

same  as that of the Automatic Type.  Therelore, the sur-

face colers  of the Slow Frying Type were  adequate  like

the Automatic Type.  However,  a  group of  our  research-

ers  felt that the Slow Frying Type  meatballs  had too oily

a  taste. The frying time  of l2.5 minutes  was  too long and

could  have caused  this unpleasant  effect.

4, Oit and  sample  center  temperatures  in the Two-

    Step  Type

  The  results  of  the Slow Frying  Type  experiment

showed  that frying at  a  low oil  temperature  contributed

to the  raising  of  the  center  temperature,  however the

taste  was  unacceptable.  Next  for improving the  taste

quality, we  fried with  the fo11owing method  i at  first. the

meatballs  were  deep+fried at a low oil temperature, and

when  the sample  center  temperature  reached  O℃ ,
 the oil

was  switched  to a higher leveL The details of  this frying

condition  were  written  in Materials and  Methods.

  The representative  curves  of the oil and  center  tem-

peratures of Meatballs L were  shown  in Figure 6. Table 3

includes the ratio of change  in weight  and  the character-

istics of colors  of  the TwomStep  Type  samples.

  As shown  in Figure  6, while  the oil temperature  de-

creased  gradually,  the sample  center  temperature  in-

creased,  and  6.6± O.1 rnlnutes  later, the center  part

reached  O℃ . At this moment,  the  oil temperature  was

120.6±3.5℃ , and  the  average  oil temperature  durlng 6.6

   200
   180
   160A9

 14oU
 12ots
 100ts
 80ptE
 60os
 4e

    20
     o
   -20

       O2468  10

             Frying time (min)
Figure 6. Representative curves  of  the oil and

        center  temperatures  of  Meatballs  L

        in the Two-Step Type.

O, oil temperature;(  ), eenter  temperature

oi  Meatballs L.
Meatballs  L were  put in the oil of  150℃ , and  the

heating power  was  changed  to Level 1 by man-

ual  adjustment.  When  the center  temperatures

of the samples  reaehed  O℃, the heating  power
changed  to Level 5. Frying  was  finished when

the surface  colors ef  the samples  were  the same

as  those of  the Autarnatic Type; 9.1± O,1min-

utes  was  needed,

Each test was  repeated  six times,

minutes  was  132.8± 3.1℃ . When  the sample  center  tem-

perature reached  O℃ , the IH heating power  was  turned

up  and  the oil temperature  increased. Also, when  the oil

temperature  reaehed  l38.7± O.3℃ ,
 the frying was  fin-

ished because the average  center  temperature  of  the

samples  was  62.I± 2.7℃ and  al1 of  the  surface  colors  of

the samples  were  the same  as those of the Automatic

Type  fbod items. The  frying time was  reduced  to 9,1±

O.1 minutes  and  this time  was  73%  of  the  previous Slow

Frying  Type  experiment  Table 3 shows  that there were

no  differences in color  values  between the Two-Step

Type  and  the Autornatic Type, and  it was  proved  that

the visual  judgment was  adequate.

  These results  indicated that the two-step  frying condi-

tion satisfied  the raising  of the center  temperatures  of

the sarnples,  the adequate  levels of  surface  colors,  and  the

reduction  of  the  frying time,

5. SensoryTest

  The  taste of Meatballs L in the Automatic Type, the

Slow Frying Type, and  the TwomStep  Type were  evalu-

ated  by a sensory  test; see  Table 4. The result  of  the

ranking  method  indicated that the Preference in Texture

of the Slow Frying Type was  at the lowest Ievel, and  that
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Table 4, Sensory test by a  ranking  method

Preference in Preference Strength in Overa]I

Appearance  in Texture OiiyTaste Acceptability

2.5

FryingconditionAutomatic

TypeSLewFrying

TypeTwoiStepType

3sz

46s

4sH

43ab

50"

33b

36H

43"

47s

42'･

4ga

3sH

Each value  is the  total sum  of  the rank.

The  Panel was  composed  of  21 people.  Meatbals  L  ef each  frying condi-
tion were  used  as sarnp]es.

Values followed by the same  Lelters in the sarne  eolurnn  are  not  signM-

cant]y  different <p<O.05).

oi  the TwonStep  Type  was  at  the  highest, Relating to zhe

other  three question items, that is Preference in Appear-

ance,  Strength in Oily Taste, and  Overall Acceptability,

there  were  no  meaningful  differences among  the three

types  of  samples.

6. Rupture strength  test

  The  breaking properties of  Meatballs L of the Auto-

rnatic Type, the Slow Frying Type, and  the  TwonStep

Type  were  measured.  As  shown  in Figure 7, the break-

ing fbrce and  the  britueness force of  the  TwormStep  Type

were  at  rhe  highest level among  the  three  frying condi-

tions, and  the lowest  level was  of the Automatic  Type.

Between these two  types,  there were  significant  differ-

ences.

  This result  showed  that the Two-Step  Type  samples

were  harder and  more  briule. The Preference in texture

of  the Two-Step  Type  samples  was  assessed  as  most

positive as  shown  in Table  4. Therefore, we  could  judge
that the Two-Step  Type  samples  were  preferred  be-

cause  of  their highest levels of  the hardness and  brittie-

ness.

  From  these results, it was  eoncluded  that  if the pre-

pared frozen croquettes  and  meatballs  were  fried at com-

monly-used  high oil  temperatures  according  to the direc-

tions on  their packages, all samples  got adequate  brown
surface  color.  But the meatballs  that are  the frying mate-

rials  with  no  batter had  a  predominantly  inadequate re-

sult  from  the  aspect  of  their center  temperature  after

irying. To  resolve  this problern, we  explored  a more  ef

fective frying condition  That  is, foods were  iried at a  low

oil temperature  at first, and  when  their center  ternpera-

tures reached  O℃, the oil temperature  was  raised.  By

this method,  the center  temperatures  of  the foods ln-

creased  enough,  and  the surface  colors  of  the fried foods

were  adequate.  The  longer frying time  caused  the  sur-

8s

£

2.0

l.5

1.0

O.5

o.o

  *n

  *m

          Breaking Britt]eness
           force fbrce

Figure 7. Breaking properties of Meatballs  L

        of  each  frying condition.

Z  Automatie Type ; ee Slow Frying  Type  ;

=  Twe-Step Type. 'p<O.05.

The  condition  of  creep  meter  was  as  follows;
load celL  2kgf;  plttnger, cylinder  2 mm  ln diam-
eter:  plunger  speed,  O,5 rrirn!sec.  Meatballs  L

of  the Auzomatic Type, the Slow Frying Type,

and  the Two'Step  Type were  cut  completely  in
half in a  horizontal direction. These  items were

put  on  the sample  stage  one  at a  tirne and  a

plunger  was  ii$erted from the upper  surface.

The  measurements  were  repeated  eight  times,

face textures  to be harder and  more  brittle, but their  tex-

tures  were  preferred.

  Based on  our  research,  we  suggest  that when  the fro-

zen  frying materials,  especially  with  no  batter, are  deepr

fried, they should  be at  first cooked  at  a  lower oil  tem-

perature  around  130m140 ℃ . Then,  the  temperature

should  be raised  to a higher level at the last stage  of  fry-

ing.

                   Summary

(1) Unequal slzes  of prepared  frozen croquettes  and

   meatballs  were  deep-fried at  high oil temperatures

   following the  directions on  their packages.  As  a  re-

   sult  all samples  were  adequate  in terms  of  their ap-

   pearances. However,  among  the same  kinds of sam-

   ples, the  larger ones  delayed  the increase of the

   center  temperatures  in comparison  to the smaller

   ones.  Moreover, the center  temperatures  of  the meat-

   balls were  markedly  low compared  to the  croquettes.
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　 Therefore，　it　was 　indicated　that 　the　absence 　of　batter

　 caused 　the　rapid 　coloring 　of　the　surface ，　 and 　resulted

　 in　the 　insufficient　heating　to　the　center 　parts　 when

　 the　frying　was 　fmished．

（2）When 　the 　frozen　meatballs 　were 　fried　at　a　low　tem −

　 perature　of　l20℃ ，the 　surface 　colors 　of 　them 　were 　an

　 adequate 　brown 　and 　the　 inside　temperatures 　 were

　 over 　60℃．However，　the　frying　time　was 　too　long．

（3）When 　the 仕ozen 　meatballs 　were 　fried　in　a 　two −step

　 frying　method ，　the 　samples 　 were 　first　fried　at 　a　low

　 oil　temperature （132．8± 3．1℃ ），　and 　6．6± 0 ．1　 min −

　 utes 　later，　the　samples 　were 　fried　at　a 　higher　oil　tem −

　 perature．　Thisエnethod 　increased　the　center 　tempera −

　 ture　 and 　the　 colors 　of 　the　 samples 　were 　 Qf 　an

　 adequate 　brown．

（4）The 　rupture 　 strength 　test　and 　the　sensory 　test　indi−

　 cated 　that 　the 　meatballs 　fried　in　a　two −
step 　frying

　 process　were 　harder　and 皿 ore 　brittle　and 　their　tex −

　 tures　were 　judged　as 　a 　positive　result ．

　To 　conduct 　our 　experiments 　Satomi　Oyake　and 　Yuki

Nakayama ，　now 　graduates　of　Seitoku　University，　gave 　us

their　assistance ．　We 　appreciated 　their　cooperation ．　And

we 　 are 　deeply　grateful 　to　Margaret　Silnpson　who 　proof−

read 　our 　English　text．
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油温 の 管理 が調 理 済み 冷凍食品の 中心温度に 与える 影響

大 石 恭 子
’

渡 邊 　 暦
＊＊

渋 川 祥 子
＊＊＊

和 文抄録

　調理済 み 冷凍食晶の 揚げ上 が りは 表面 の 色 で 判断され る こ とが多 く，中心温度 は調 べ られて い ない 。 そ こ で，冷凍 コ ロ

ッ ケ と ミ
ートボ ー

ル を用 い て 揚げ調理中の 申心温度 の 変化を調 べ ，適度な揚げ色 と中心温度を満たす揚げ条件に つ い て検

討 し た 。

　
一

般的 に用 い られ る油温 で 揚げる と，適度 な揚げ色 に な っ た 時 点 で は 中心 温 度 の 上 昇 は 十分 で は な か っ た 。 こ の 傾向 は

コ ロ ッ ケ よ りも ミートボ ール の ような揚げ衣 の ない 揚げ種 の 方が 著 しか っ た 。 ミ
ー

トボ
ー

ル を揚げ る に は，加熱初期 に低

温の 油で揚げ，中心温度が 0℃ に 達 した 時点 で 火力を上げる の が最 も良 い 方法 で あり，加熱終了時の 中心温度 は十分 に上

昇 し，か つ 揚げ色 も適度 で あ っ た 。 こ の 条件 で 揚げた ミ
ー

トボ
ー

ル は，表層 は よ り硬 く，もろ くな り，揚げ物 と して 好ま

れ る テ ク ス チ ャ
ー

で あ っ た 。

キーワード 、調理 済み 冷凍食品，揚げ物，中心温度，油温，電磁 誘導加熱

“
元 聖 徳 大学

＃
　パ ナ ソニ ッ ク ホ ーム ア プ ラ イ ァ ン ス 社

’W
元 横浜 国立 大学

（191） 41

N 工工
一Eleotronio 　Library 　


