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Shrimp taste and vitamin 
content did not differ 
markedly in thermal and 
microwave processing tests. 

Thermal and Microwave Energy 
for Shrimp Processing 

M. R. R. RAO and A. F. NOVAK 

INTRODUCTION 

Development of ne\\ methods of pro­
ces ing foods inevitably encourage 
onsumer a well as cienti t to que -

tion the effect of the method on the 
nutrient compo ition of fo d. Mi­
crowave cookery is actuall y the fir t to­
tally different method of heating foods 
ince the di co ery of the attribute of 

fire. ince the inception of cooking by 
high-frequency radio wave. (about 
1944) s ientists have attempted to 
elucidate it'; effech on food compo i­
tion and total biological y tem with no 
conc lu i e re~ults. 

Thermal and non thermal effects of 
microwave on microorganisms and or­
ganic chemical \\ere stuuied by Oben. 
Drake. and Bunch (1966). Lace) et al. 
( 1965) reported con!>iderable reduction 
in microbial counh and e\en terility in 
~ome ca~e,> \~hen bacteria were ~ub­

jected to comparatively 10\\ er level<; of 
heat by micro\' a ve\ rather than by con­
ve ntional heat treatments . Proctor and 
Goldblith (1948) tudied radar energy 
and it effect on the itamin content of 
food products . Si nce then. con<;iderable 
effort ha<; re,>ulteu in numerous inves­
tigation,> with a great \ ariety of conclu­
~ions. The problem~ eem to involve a 
lack of uniformit~ in method~ of 
anal) "e'>. cooking time. and processing 
temperature. 

Although much \\orJ... has been done 
on vitamin anal '>es of \egetables 
cooked b) micro~\ ave and ~onven­
ti )nalmean'i.literature i\ in'>ufficient on 
rrotein'>. and no data ha ... yet been re­
ported on the effech of proce\,>ing 
methods on \ itamin content of Gulf 
Coast ... hrimp. 

The purpo e ofthi ... '>lUU) \\<\ to de­
termine the \ itamin ontent of '>hrimp 

proce sed by microwave cooking and 
conventional boiling and to co~pare 
these value,> to an uncooked (raw) con­
trol. Cooking time'> \\ere e tablished by 
en ory evaluation to insure that prod-

uct were cooked uniforml y. Thi 
method compen<;ated for the lack of 
temperature measuring device in the 
micro\\ave oven. Care wa taken to 
prevent overheating in certain are as of 
the micro\\3ve cavit~. termed hot 
spot. by employing peliodic stilTing. 
Vitamin selected for thi "tud) \~e;e 
those \\ hich had been reported in previ­
ou microwave re earch. anu standard 
method!> of analyses were u'ied for all 
determination,> . 

1\1icrowClve pro e'> ing i'> a well­
establ ished method in the food indu , try 
and i ... now '>preading to mal1\ different 
field,>. Due to its greater ~fficiency. 
economical '>uperiorit). and e\treme 
speed it ha\ become a multimillion dol­
lar industry \\ithin the r a'>t 10 year~. It 
has undoubtedl) inAuenceu major 
change in industrial proces,>e . proce­
dures. equipment. and rroduct . Famil­
iality v\ ith it capabilitie,> and potential 
use in food processing indu , tries ha 
become increasi ngl) vital. 

MATERIALS AND METHODS 

Samples 

Three different "et of shrimp \\ere 
obtained for anal),>e". Lot I \\a ... re­
ceived 10 ugu'>t 1969. from a large 
fi ... hene dealer (Booth Fi herie,> I. 
Bro\\ n'>\ ille . Te\.) anu con,>i'>ted of one 
'a e of peeled and de\ eined hrimp 
( I ~ I ~ oZ). Lot II con,>i ted of3 Ib head­
Ie '> hrimp purcha,>ed ~7 October 1969. 

I \lentll)n oflraue name'. commercIa) prodUCI ,M 
firm, uO'" nl)llmp)) enuor,ement b\ lhe '- allona) 
\I ann" F"hene' "nIce. OAA.· 
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from a local retailer in Baton Rouge. LI 
Thi ... lot w a'> \\ a'>heu anu treateu by ea 'h 
proce""ing method before being rLICJ... ­
aged and ,>ealed in plastic bag'>. Lot III 
was obtained from a commer ial dealer 
in e\\ Orlean,. La .. ~6 o\'embel 
1969. and immediately tran ported to 
the Food cience Department . 
Loui"iana tate niver,>it) . \\here the 
shrimp \\ere headed. \\a~hed. <Inu 
treated b) each proce,,~ing method be­
fore being heat-~ealed 111 ;Ia'>tic bag'>. 

Processing Methods 
and Equipment 

Raw Samples 

After each lot wa~ \\a heu. the on­
t rol '>ample'> \\ ere packaged in 50 g 
quantities in heat-~ealable rla<,tic bag 

Boiled Samples 

One hundred gram'> of ~hrimp were 
placed in an aluminum pot containing I 
liter of boiling water and ~ g '>alt. Afte~ 3 
min and 45 '>ec the \\ ater returned tll a 
boil and the shrimp \\ ere then cooJ...eu 
for5minand30,>ecat 101 °e. The\ \\ere 
then allo\\ed to cool before peehng 
and rackaging ~O g quanti tie,> in heat­
sealable plastic bag . 

Microwave Samples 

One hundred gram'> of hrimp \\ ere 
placed in a heat resi tant alge con­
lainer\\ith Iliter oftar \\<lter(2n land 
5 g "alt and cooJ...ed \\ ith d mlcro\\ a\'(~ 
oven for 3 min. allo\\ eu to et for I () ,>ec. 
rroce,><;ed 30 ec. alll)\\ed to cllol 10 
,>ec. and then cOllJ...ed an adullillnal 30 
sec (101 ). The~e time lag' \\ere to 
prevent boil-o\ er. The 0\ en u,>eu in thl' 
experiment \\iI'> the uperange ~50(J 

and its pecification-. are gi\ en in 
Table I. Both magnetron \\ ere u,>eu 
in all experIment,> proUUCtng ~.50(J \\. 

II "ample . . h,l\ Ing been proce eu anu 
pacJ...aged. \\ ere rapidl~ frolen tll - ~() 

for ,>LOrage until neeueu for anal~ c . 

Sensory Evaluation 

The organolepttL panel CL)n i teu l)1 

10 graduate ludent. I) male anu I 
female. The paneh t mnged 111 a!!c 
from "pprlnimalel} ~() to ,I } edr . -l) 

M R R. Rao is Associate Professor 
and A. F Novak IS Professor and 
Head Department of Food SCI­
ence LOUISiana State University 
Baton Rouge LA 70803. 



Table l.-Speciflcations 01 Superange 2500. 

Net weight 1901b 
Power required 208 or 240 volts AC. 3-wlre 

slOg Ie-phase 30 amp CirCUit. 
60 hertz 

Power consumption 5.450 watts (both magnetrons) 
3,010 watts (single magnetron) 
550 watts (idle) 

Power output 2.500 watts (both magnetrons) 
1 250 watts (SlOg Ie magnetrons) 

Frequency 2,450 megahertz 
Power cord 6-1001. 3-wlre groundIOg type 

with standard 30 amp connector 
Cavity dimensions Height 15'1, In 

Width 20'". 10 
Depth 163., In 

Door dimensions Height 17'1,.10 
Width 22% 10 
Depth 1'14 In 

effort was made to e lect paneli ts for 
their sensory acuity, s ince organoleptic 
differe nces detectable by the ave rage 
untrained per o n we re desired . 

Hedonic. paired-comparison te ts 
were u ed to determine the cooking 
times given above. The a m pIes of 
cooked ~hrimp were scored on a 5 point 
hedonic cale ,,,ith I represe nting poor 
and 5_ excellent. When the hedonic 
cores indicated that the thermal and 

microwave products were equi va le nt in 
organoleptic values and pa la tability 
scores, the cooking times we re re­
corded and used for preparing the sam­
ple used in vitamin assays. 

The total cooking time for the boi led 
amples wa 9.25 mi n at 10 1°C; that for 

the micro\>\>ave amples wa 4 min with 
no prior heating of the water. The fina l 
temperature of the microwave a mples 
\>\>as 100°C and was determined im­
mediately after the power was turned 
off. 

Vitamin Analyses 

For each vitamin as ay, a 50 g a mpl e 
package of each proce ing method and 
the raw control \\ ere a llowed to thaw 
a nd then homogenized in a o rva ll 
Omni- 1ixer with the proper o lve nt for 
tha t te t. All microbio logical a says 
\\ere carried out accord ing to Difco 

lanual (1967). Preparations of am ple 
for analyses were accord ing to proce­
dure~ li<,ted in A ociation of Official 

glicultural hemi ts ( OAC) (1960). 

Vitamin A and B-carotene 

Procedure~ found in AO ( 1960), 
with modification . were followed in 
the anal} e" of itamin A and B­
'arotene. One-tenth gram of P vi­
tamin and I g lis 0 oil were weighed 
and treated a~ a 10 g imulated hrimp 
~ample . T\\enty-five gram of each 

hrimp a mple were a l 0 weighed and a 
3 to I volume/volume solution of 
e tha nol a nd potas ium hydrox ide (50 g 
diluted in 100 ml distilled water) were 
added to each sample in a 4 to I 
vo lume/we ight ra tio . All sample were 
refluxed 30 min, coo led , and filtered 
through gla s woo l. After the volume of 
each sample was read . the y were 
wa hed with he xa ne 3 time in epara­
tory funnel and th e hexane pha e re­
tained. The hexane pha e wa was hed 
with water in separato ry funnel until it 
was ne utra l to phe nolphthalein. The 
vita min A sta nda rd wa diluted to 250 
ml wi th hexane while the other a mples 
we re evapora ted to dryne in a Rinco 
Rotary evapora to r. 

Columns fo r co lumn chromatography 
were prepared as directed in AOAC 
( 1960). B-caro te ne wa e luted with 30 ml 
of 4 percent acetone in hexane (35 ml). 
For vitamin A a na ly i , uitable a li­
quot we re evaporated to drynes in 
Spectronic 20 tube a nd I ml of 
cho loroform wa added. After 4 ml an­
timony trichloride (Carr-Price) reagent 
was added to sample tubes they we re 
read immedi a te ly for max imum 
deflection due to ra pid fad ing. The 
a mount of vita min A wa determined by 
u ing a s tandard c urve prepared by in­
crea ing the conce ntra ti o n of the vita­
min A standard. A ta ndard B-ca rotene 
curve was prepared by u ing a eri e of 
dilutions of B-ca rotene in hexane and 
plotting abso rba nce aga in t Ilg 
ca rotene. Vitamin A wa read a t 620 mil 

on a Ba usch a nd Lo mb Spectronic 20 
a nd caro tene was read a t a wavelength 
of 440 mf..L . 

Stock Cultures for Microbiological 
Assay of Vitamins 

C ultures of La ctobacilllls arabino II 

17-5 ATC 80 14 ( pl a nt a rum ) , 
Lactobacilllls fe rm entlll11 36 A TC C 
9833. and L actobacillll s C{l ei e A TCe 
7469 we re received in Jul y 1969 a nd 
were revived 5 September 1969 by plac­
ing them in Bacto-Micro Inoculum 
Broth a nd inc uba ting them 48 h a t 37°C. 
Stab we re then made in triplicates in 
Bac to-Micro A say C ulture Agar and 
a fter 48 h incubat i n, were tored in a 
refrigerato r a t 2-6°C. tock cu lture 
\\ ere tran ferred each wee k for I month 
a nd thereafter were transferred each 
month. A gram ra in a nd treak pla te 
were made of a ll tabs to in ure pure 
cu lture. 
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Riboflavin 

The te t organi m in this as ay was 
La ctobacilllls ('(Isei e (7469). A say 
s tandard and sample tubes we re set up 
according to Difco Manual (Difco 
Laboratorie , 1967) and after 18 h were 
read turbidometrically by a Bau sch 
and Lomb Spectronic 20. Extraction 
procedure were tho e of AOAC ( 1960) 
with modifications. Ten grams of each 
sa mple we re hydrol yzed in 150 ml O. I N 
hydrochlori c ac id a nd a utoclaved 30 
min at 121 °C. 15 Ib press ure, a nd then 
adjus ted to a pH of6.8 with I N sodium 
hydroxide . The vo lume was then 
brought to 200 ml with distilled water 
and centlifuged in 50 ml tubes to rid the 
solution of the protein precipitate . One. 
two. three, etc .. ml of the sample were 
added to sample tubes and then a ll tube 
were inocula ted a nd incubated for 18 h . 

Niacin 

Procedure given in the Difco Man­
ual (Difco Laboratorie, 1967) were 
u ed for the microbiological a say of 
niacin . Lactobacillus arabinoSLI (80 14) 
(p lantarum) was the test organ is m and 
was inc ubated for 24 h a t 3rC in 
Bac to-Micro Inoculum Broth before 
inoculation . Sample were prepared by 
hydrol yzing 20 g of each sample 30 min 
a fter adding 125 ml of I sulfuric acid. 
After cooling , the pH was adjusted to 
6.8 by adding I sodium hydroxide. 
Samples were diluted to 1,000 ml and 
then centrifuged with the resulting solu­
tion further diluted I to 10 wit h distilled 
water. The assay was sterili zed by 
autoc lav ing 10 minute a t 151b pre ure 
(121 °C), inocula ted , a nd a llowed to in­
cubate 18 h a t 37°C. The tubes were 
read turbidometrically with a Bau ch 
a nd Lomb Spectronic 20 at a 
wave length of 650 mJ..l . 

Thiamine 

LactobacillllS ferm ell tlll11 (9833) wa 
used for thi a ay. It was found that 
s tock cu ltures mu t be incubated a full 
48 h to produce proper re ult in thi 
assay. Preparation of ample wa car­
ried out according to AOAC ( 1960) with 
slight modifica tions. Twenty gram 
were hydrol yzed in 150 ml of 0.1 N hy­
drochloric acid by autoclavi ng 30 min­
ute a t 121 °C. The pH was adj usted to 
6.5 with I N odium hydroxide , a nd the 
a mple was then diluted to 250 ml wit h 

di stilled water. centrifuged, a nd then 
further dilution were made to atta in 



proper reading . Becau e o f po ible 
destruction of thiamine. the a say wa 
tea m terilized at loooe for 15 minute 

before cooling a nd inocula ting. 

Pantothenic Acid 

After prelimina ry investiga tion it 
wa found th at tock cu lture of 
Lactobacillils arabinoslI s (80 14) sho uld 
be incuba ted 36 h in tead of 48 h to 
produce proper re pon es. Samples 
we re prepared by adding 220 ml o f di -
tilled water to :W g of the sample hrimp . 
The pH wa adjusted to 5.65 wi th a n 
aceta te buffer ( 10 ml 0 .2 aceti acid. 
100 ml of 0.2 N o dium aceta te in I liter 
of di tilled water). After autoclav ing for 
7 min a t 121 °e the pH wa adju ted with 
I odium hydroxide to 6.8 a nd th e 
so lution wa diluted to 2.000 ml before 
centrifuging. After increa ing a mounts 
of th e olu tio n were pipe tted into each 
tube . the a ay wa a utoc laved 10 min at 
15 lb pre ure ( 121 °e). Thro ughout a ll 
mic robiologica l a ay . the s to ck o lu­
tion of each itamin we re tored in a 
refrigerato r a t 2-6°e under to luene. A ll 
de terminatio ns were ca rried out by pl ot­
ting a tand a rd curve fo r each a a a nd 
comparing growth of a mpl e tube u ing 
turbidometric re ading (Di fco La b­
oratories. 1967) . 

Table 2.-Analysis 01 variance for appearance , tex­
ture , taste. and overall organoleptic scores . 

Organa· Degrees 
leptlc Source of of Mean 

Quality variatIon freedom square 

Appear- Total 
ance Judges 

Process 
Replicas 
Replicas x 

Process 
Error 

Texture Total 
Judges 
Process 
Replicas 
Replicas ' 

Process 
Error 

Taste Total 
Judges 
Process 
Repl,cas 
Replicas x 

Process 
Error 

Overall Total 

39 
9 2.2472 

00250 
02250 

t 06250 
27 06620 
39 

9 15694 
0.2250 
00250 

1 1 2250 
27 1 1028 
39 

9 21694 
02250 
3.0250 

1 00250 
27 0.9620 
39 

Judges 
Process 
Repli cas 
Replicas x 

9 11500 

' P <OOl 
' P <O 05 

Process 
Error 

1 
27 

Cntlcal values at d 1 9127 F 0 .,. = 225 
Fo.o, = 3 15 

Cri tical values at d 1 1 27 F 005 = 4 21 
Fo .o, = 768 

1000 
1600 

3600 
2026 

F 
val ue 

'3.39 
004 
034 

0.94 

1 42 
0.20 
002 

111 

'2.26 
023 
314 

003 

'5.68 
049 
0.79 

178 

Table 3.-lndivldual mean scores of the 10 judges in order of increasing rank for appearance, taste, tex-
ture, and overall scores. 

Appearan ce 
Mean sco re 

Judge no. 

Texture 

Mean score 

Judge no 

Taste 

Mean score 

Judge no 

Overall 

Mean score 

Judge no 

'P <OOl 
'P <0.05 

1.00 2.00 

4.10 3.9 

F = '3.39 

1.25 1.75 

10 4 

F = 142 

1.50 2.00 

5 3 

F = '226 

475 600 

410 3 

F = '5 .68 

Cntlcal value at d.f 9127, F 0 ,05 = 2.25 
F o.o, = 314 

2.25 

2.00 

3 

2.25 

4.9 

6.50 

9 

RESULTS AND DISCUSSION 

Organoleptic Results 

2.50 

2,7 

2.25 

8,9 

250 

10 

7.50 

The o rga no le pti c data we re ubjected 
randa rd ana lyses of varia nce whi ch 

examined th e effect o n a ppeara nce. 
texture. ta teo a nd overall va lu es of two 
proce e a nd t wo re pli cas. The re ult 
o f the a na lyse of va ri ance a re pre-
e nt ed in Table 2. 

Th e mean sco res of the different 
judge~ a re li s ted in T able 3 in order of 
inc rea ing rank . Th ese ra nged from 1.0 
to 3.0 fo r a ppea ra nce. from 1.25 to 3.25 
fo r text ure . a nd from 1. 50 to 3.75 for 
ta te. The ove ra ll organoleptic sco res 
( um o f va lues for a ppearance. tex ture. 
a nd ta tel we re hi ghl y individua li stic . 
ra nging from 4 .75 to 9.50. with on ly 2 
judge. o. 4 and No . 10 . sco ring the 

a me to ta l. The 4 ca lcul ated F va lues 
for difference a mong the mean for the 
10 judges we re: appearance. 3.39 . 
hi g hl y ignifi ca nt ; te x ture. 1.42. 
in ignifi cant ; tas te . 2.26. signifi cant : 
a nd overall. 5.68. highl y s ignifica nt. The 
c riti ca l va lu es a t dI 9127 a re F 0.0' 

2.25. a nd F ool = 3. 14. 

Cooking Processes 

The mean organoleptic co res a nd 
standard d ev ia tions a oc ia ted with the 
therma l and mi crowave proce e a re 
give n in T able 4. For both proces es th e 
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3.00 

5.6.8 

250 2,75 3,25 

1,2 7 5.6 

2.75 3,25 3.75 

1.8 6 2.7 

775 8.00 8.75 900 950 

5 8 2 6 

mea n scores for a ppea rance. te xture. 
taste . a nd overa ll va lues were a lmost 
identi ca l. The ca lcu lated F va lue for 
difference bet'" een the thermal and 
mi crowave sam ples were very sma ll 
a nd in ignifica nt. ranging from 0.04 for 
a ppea rance to 0.49 for overall values. 
The c riti cal va lue a t d f. 1/27 i F 0.05 = 

4 .21. 

Replicas 

The mean o rgano lepti c scores a nd 
s tandard devi a ti on a ociated vvith the 
2 rep li cas are shown in Table 5. There 

Table 4.-Mean scores and standard deviations 
for appearance, texture, and taste among pro­
cesses. 

MIcrowave Boiled 
Mean SO. Mean 

Appearance 220 106 2.25 
Texture 245 110 2.30 
Taste 260 110 2.75 
Overall 720 2.01 7 .30 

Cntlcal value at d 1 1127. F = 421 
F

Oos
= 768 

0 .01 

SO 

0.96 
1.08 
1 17 
2.13 

F 
values 

0.04 
0.20 
0.23 
0.49 

Table s.-Mean SCores and standard deviations for 
appearance , texture, and taste among replicas. 

First Second 
replica re~lIca 

Mean SO Mean S.D 

Appearan ce 2.30 1 13 2.15 088 
Tex ture 2.35 1.18 2.40 0.99 
Taste 2.40 1.04 2.95 1 14 
Overall 705 223 745 188 

Cntlcal value at d.l 1 27 F 0 .05 = 421 
F 0 .01 = 768 

F 
values 

0.34 
0.02 
314 
0.79 



appeared to bc a trcnd Ill\\ ard a pn.:fcr­
encc: for thc ~econd replica ~ampk~ In 
tnt'ral l ~core" and Ihl" \\a~ e~ pc clally 

C\ idenced In 1.t"le ~core, for v. hlch thc 
F \alue \\a, 3.14. The ~ecnl1d replica 
,ampk~ \\erc ",cl1red hlghcr m tc\tule. 
ta,le. and ll\ erall. \\ I th appearancc 
bemg ... lIghll\ higher in thc lir,1 repliL,l 
The crilical v.tlue at d.J. I 27 I' I 1111< 

4.21 

Interactions Between 
Processes and Replicas 

The mean ,COle" for Ihe mleraClllln. 
ploce.., repliLa. \\ ith rc'pcct to ,IP­
pe~lI·ancc. Ic\turc. ta,IC . anu ll\Crall 
\alue" l1flhe ~hrlmp ,ample arc gl\ cn in 
rable 6 Thc cnllcal \alue, lIt [ al d.t: 

I 27 for the abll\C mtcralllon, \\ ere 
fo " 4.21 ,mu ['0111 ., n 1 hc in­
teraction bel\\een proct.:"e ... and rep­
liu.l for e,\ch of Ihe fOUl organolepllc 

Table 6.-lnteractions-mean organoleptic 
scores of shrimp 

Ouahtles Rephca 1 Rephca 2 

Appearance 
Tnermal 220 230 
Microwave 240 200 

F 094 

Texture 
Tnermal 210 250 
Microwave 260 230 

F 111 

Taste 
Thermal 250 300 
Microwave 260 230 

F 003 

Overall 
Thermal 680 780 
Microwave 730 710 

F 178 

Cntlcal value at df 1 27 F 4 21 
F~:: 768 

attribu te, all had in,ignificant f value .... 
ThiS indicated thai the proce~.,es anu 
replica.., were coml~tent In their rela­
l1onship~ wilh re peci to the prefer­
ence" of the Judge~. 

Correlation Coefficients 

In Table 7 the value,> of the Pear'>on 
product-moment coeffic ients of co rre la­
tion are given for a ll 6 possible pa ir'> of 
organolept ic atllibute (ap peara nce V'i. 

te\ ture. appearance vs. ta"te. a ppear­
ance vs. overall . te\ture v . taste. te\­
ture vs. ove ra ll . and ta..,te vs. overa ll ) 
a nd th e~e are categorized acco rdi ng to 
proce se and replica . 

The correlations between appearance 
and texture were positive in a ll 4 

Table 7 .-Correl~tlon coernclent. 01 appearance. texture . and Ialta for the repllcaa and proce .... 

Correlallons d I 

Te.lure vs Appearanc p 18 
Tasle vs AppearanCl' t8 
TSSle vs Texture 18 
Overall vs Appearance 18 
Overall vs Ta.,ure 18 
Overall vs Tasle 18 

Slgnlflcanl al P 0 OS 
'S'gn",eant al POOl 
CqllCal value al d I 18 F • 0444 

F 0561 

ldteC(llle, hut thc\ \Iere 1l11t 'Iglllill,tnt 
([J (J ll') f hc clllTdatll1n het\\ct.:n 
,tppe,tI.tIlLl unu ta Ie 1\ cle PI"I tl\ e for 
thc lil ... t Icplll.\1 .ttlU thL thermal plllce , 
and \\ cre Igndicant (J> OJ)'), \\ hen:,1 
in Ihc t\\llillhel cittl'gom: thc ('I'lrcl:l­
tillll' \Ierc nl'gatt\c ,lI1d Illll "gl1ihlltl1l. 
fh c cllndatllll1 hc[\\ecn te lUre ,II1U 
t."tc \\ cre neg.tti\ e in all 4 categoric, 
hut thc) \\ele III It Ignlticanl. \\ ha('d 
cllndatilln hel\\eCn 1\\(,I,dl lllle, ,II1U 
appeat dnle \1 crc po Ilt\ \.' ,II1U hlghl 

Igl1llicanl In all 4 calccllile (? (UlI). 
rhc ClllTcidtllln hct\\eenll\l'I.t1l Cl1fe 
anu IC lurt.: \Icre pP Ili\e In all 
ldtegllne ,tnu ,igniliLdnl tn Ilnc C,lle­
gllr} tlir,t Icpli .I) al1u hlghl} ignihlant 
in the thn:e lHhl'r llttcgllrle thll'>c hc­
t\\cen I \ (,I,dl l(liC and td,tl' \\erc 
PO"lI\C 111 ,til catcgllne : thc} \1 ere 'Ig­
I1Ificant 111 t\\ II eateglll'l(, . eCllnu rep­
lica anu microw'l\ e pl'llce . anu hlghl) 
ignificant in the tl\ 0 IHher ategorit: 
The anah ,e, lIt' Ih(' Udt,t InulLate 

there \1 ere nl! '>Ignifil,tnt ulfference, he­
t\leen the mICrlll\,t\e ,II1U bl1deu PJ'll­
LL,,,e and bet\1 een replica IgnlfiLant 
dtlTelence ... \Iere founu amllng,lu uge, a t 
the 0 .0 1 le\ cl. ample, l1f ~hnmp prll-

R~pllc. Proce 

Firsl Second MIcrowave BO,'~d 

0114 o 35t 01 0227 
'0472 0202 0064 0339 
0077 0074 0061 00£3 
0786 '0 Sf, 2() 623 '0754 

'0 SSt '0688 0641', '0576 
0666 '0500 0491 '0669 

lC cd ;lI.:cnrdlng to the e proceuure 
\\erc then dn,d}/cd for IJl;tmln A, 
~-Ldr(lIClle. nl;1 In 1 hl.1111 111(' , nhl1flalin, 
.IIlU pdnlPthel1lL dLiU 

Vitamin Analyses 

\tl ll thlLl. t .I} 01 cach \ It.tmtn 
h,td heen l.tllleU olll, f ahle • mean 
lidlte , T dh).: I). I~ere cdit.ul,lleu Ill, Ihc 

Table B.-Results of vitamin analysis 

Process 

Rep 1- Micro-
Vltamn cas Raw Itaye BOI eU 

M,cro9rams per 9ram 

:,jlac n 

ThIamine 

Pantothen· 
IC aCid 

B-carotene 

1 
2 
3 

2 
3 

1 
2 
'l 

1 

2 
3 

1 
2 
3 

123-
2730 
1988 

095 
o 9t 
052 

059 
03 

037 

50 
,.p 
265 

0048 
0093 
0078 

'333 1527 
840 18 02 
440 '5 -5 

082 081 
109 095 
08 054 

040 052 
065 06' 
05 053 

14] 130 
147 1 '3 
310 160 

0046 0060 
0065 0()4.4 
0099 0138 

Table 9.-Mean vitamin content 01 shrimp samples 

1366 
F 4 11 

0860 
F 814 ' 

R,boflaVin 0.503 
F= 288 

PantotheniC aCId 142 
F 414 

~·Carotene 0051 
F 304 

'Slgnlflcant at P 005 
Clltlcal values at d , 21 4, F 0.05 = 694 

F 0.0' = 18.00 

28 

Repl,cas 

Second 

21 24 

0983 

0763 

156 

0067 

Process 

Bo,led MlcrQl,~ave Raw 

MIcrograms per gram 

1668 1635 1538 1985 
F 156 

0623 0767 0970 0793 
F 134 

0470 0553 0520 0663 
F 063 

245 1 54 2 01 187 
F 077 

0105 0081 0070 0073 
F 012 



1.1\\ . hoilcd. dllli mkHI' ;1' C I'l' (l<.;C C. 
<111 I. hawd on Ihc 1,,\\ "duc . arr,llcnt 
rCH .. cnl n:II.:I1II(1I1'- \\ere Llkulaleu, 

' ldLln \\a~ Ict.lln<.;u h) 77 4X rerLcnt 111 
thc mlL/\I\\d'L ,tntl X2. 16 pCfl.:ent 111 thc 
hOI led ~amplc~: II ".00 alll! \)700 rei " 
I:cnt of thilll11lnc \\ CI C ICI.ained 111 the 
I11lno\\a\c and hOlkd 'ampk~. rc ... peL 
tlvel~ : 7lJ.O() r L'rLcllt in the mIL' nl"HVC 
and lB.O() In Ihe hoilcd "'<impk~ "ere 
relaliled of lihofla\ In. p;tnlnthcnlc .Iud 
had I07. 0() and, 2.00 reru:nt rdcnllon ... 
111 the mILI'O";l,e and hl)i1ed procc\-.e .... 
and B .. carotenc had arrarent rercent n:­
ll:ntion ... lJ"Y6.00 In the mILrll\\<I'e and 
110.00 In the hoded ... amrle .... 

Vitamin A and B .. carotene 

Pre limlnar) ana l ),,~ of vi tal11ln \ n:­
\ eakd 110 l11<.;a ... urable amount rre,<.;nt In 
the Il e ... h of Gulf (o,,\t ,hlimp. Th l: ... e 
le~ulh an: 111 agreel11ent \\ ith tho\e (If 

t-i~her . I-. on. allli r hllmp ... on (1957) "ho 
founu no vitamin \ in the hou) Llf 
P"II(/nll (/:/('( //1. The) found i.I tLllal 
vitamin \ conten t \)r .054 !Jgg hut thi~ 
\\a ... made ur cntin.:l) of vitamin \ 
found in th e l:\ c ... (4.3 /J.g gl. 

B .. carolel1.: \\,1' then me,hureu be .. 
e'llI e llflh repLlrtcu \ itamin \ activit). 

lecher( 1960) ca ll ... B-can)tenc the I1W ... t 
ImpI)rtant l)f the prl)\ it,tmin~ \ . ha\ Ing 

ahou t lH1c .. half "tamln .\ act",t\. \ 
... ub lant lal dtlTercnce among replic", 
and ... ample 111,1) be c\.plall1ed h 
B-ca rotel1e ', tendenq, II) O\lJIIl: \\ hen 
e\.p ) ... ed to the ,lIl \1e ,ln ,alue ... (If Ihe 
Ih ree repitc,,, alld rnll .. ·e ...... e~ are pre­
... ellled In I ahle II. I hc t Ililcd ... ampk' ... 
\\ele hlghl' l in B-c.lrlltcne Ih.111 1.1\\ 
"'ample, dnd the 1111 l'l I 1\\ ,I \ ~ "'.lmpk ~ re 
\,\lneo 46 (1 perlent. 1 he unll ... ualh high 
~\ln(llltli III' B·~.II\)\el1e III th~ hl)iko 
~'Imrle, I11Ig.hl he c\plall1cd h~ el1/\ me 
In.l('Ii\all\)n due II) rn)~'L' 1Ilg..IIlJ cI)lIld 
,II,,) hl' due h) IItle\ en 1)\.loatHII1 RL 
"'lIlt \\erC '1IlItl,1I tIl thl"e gl' CI1 b~ 
I I,hel et .d. (I\)-~I rIll ~.lfltel1l1ld (' )n-
tent. 

Niacin 

\ lthllu!!h 111l' .lnll Ullt Ill' nl,I(,111 
'h,m!,!e I'll m "',Impk II ',Imrie . n: \lIt 
,II' f.llr!, ~. In I tenl ,'lllln!! 1.',1 h r~r­
Itl"!. I ,Ibk \) \!i\ ~ Ih 11k. n .du~ 1111 

e mpk 
l n~d 

t "Ikd .unpl 
~ ill pu \.'nt I h' heur 

g.\.·n~I.1 h 11..:1<.;' \llh\ th~rt' ult 'hI h 
Illtil .11' ,iI·'lI} I I~ 01 r't nIh n (I 

nl,lun dtll: III prIILl.· In!! ll:mpl:r,llurl.: 
(Jl:IlCI,tI \ it,lmln Clll1ll:nt \\,1 III ,1I.!lee 
ment \\ith Ie ult hll\\/l h~ H~~n ,nl! 
", cu/cr (11)62) \\ htl leLlllJed \,due "I 
11-" iJgg rllr hnmp. \n an.d\ I II 

\ ~II ianl.e \\ dl he JI~\.\I' ... nl lilT ,111 \It&l­

min fllllll\\lng Ji Cll 11111 IlfthclI Indl­
\ Idual Lhm<tLteri til:' 

Th iamine 

I hi d ;1) eemel! til he I hc I11Il t 
d,n,cult til Ilin JLle til thc ra'tldlllU n,t .. 
tUlcl)fthete"lllrganl m Re 1111 Illthe 
\ lepitca~ \\ ere Clln~"lc nt ( r ,Ihk • ) C .. 
cert rOI Ihe thi rJ repitLa \ 1e,ln \ ,due 
( r able IJJ l1nLe ag,lIn .. ho\\ cd dB \ It Il11ln 
\\ Ith higher \ ,due ... III l)f1~ or the prll­
cc~ ... ed .. ample th i.lIl In the I ll\\ ample . 

I h~me,tn\i.Jlu" rmlhcmllJ"ll\\.I\e,tnd 
hl)tled ... amrle~ had 11'.0 .Ind Ip () PCI­
cent retentl\ll1 re~peLlJ\ eh rhl'" I PI)~­

'Ibl) C\.plalned b) F un.1 ( I YO.') \\ hen he 
.. tdlcd that enz) m~' ... c,lp"hle 01 de 111))­

IIlg \ It"mlll 13 I (th'.tmln,l\c) Ol.:l\ll In 
Ol11l' flllHh-ra\\ ti ... h. Lldm. hrimp. 

nl'C poli hlng . heall'. ,IIlJ mll tan.! 
et:d. Thiamine \\.1'" fl)lJl1d tll he hedt 

lahtle h) I nag,I"I. H i~hlli . .tnd Il attl)ri 
(196-1). Llluhlith. r ,lnnL'nbaul11. anJ 
\\ ,tIlg (196,). and ( <Ill n ,\Ild I cntllll 
(I\)' I) in I11C.lt anu \ cg~tahlc \\ hen 

hllmp "ere Ie teJ thl 1';.\\\ .Imrk 
\\ne ,dl )\\ed [) It .It n1<)m lempeldtlllc 
\\ hi Ie.: the mienm .1\ e .tnd hlllleJ pll1le ... -
C \\erl: L'arned \IUt. fhcre \\.1 .1i",.1 
tlml: 1,lg fl)r pold,lging ,111 "',Imrk .• Ind 
~Iftel free/ci ... [OI,lge .ampk \\ erl' 
th,l\\ed 11)1 .1I1.lh ,e .. \klnt~" . I h1lh .. 
hl'l'g . .lnd 0 el (14.t-) ILPllill'd Ih.lI 
1\ !thin 20 min llih. ,ervlll\! 111'1,1\\ ~1.11ll 

(lOll g) lllulJ dc ... II)\ ~ .. Ill!! ,lfth,.lmllk. 
\\ here.t .1 h~oIted d.lIn el' 111': Je .. 
1I'!)\ cd ~lnh I" p~'lcenl III Ih" me 01 

th',lllllne llrigln.t1I~ riC ellt T h<.; 
thldl11l1101 C cnl~ m" In 1.1\\ 1,lIn \\.1 

1n.ILlI'.I[L'd dunng rllll~' Inc ,Ilk} \111': 

Illltl"r le'oulh 111 h lth Ih~' "\I "ed,lnd 
1.1\\ oImrk r he I!Ie,l\t:I Im()unt of 
I h'''l11lnC III Ihl.: 1111.1 \l\\ ,1\ l' Impk 
\lttld t->.: dul' Il' .1 11I.:hel Jl'er " "I lk 
IIUdll\J11II thl.lmll1.1 .: th In Ih,11 dll I 

JlI I Ih'I11I.11 1,,::-

Riboflav in 

IlIlll: 

\\l'n: rn Il \:du e thl I 

Pantothen ic ACid 

Pl:ll(,1l1 rL'knll,'n ,h"n Itll d 
ulIl"ed In .lIt ,,:\ " 

duc III th\: \ It,11ll11l 
ture rh~ 

Illlhl'l1I~ 

Analysis of Vartance 

T8ble 10-A".ly 



A. The sources of variation for ea h 
vitamin were the 3 replica~ and the 3 
proce e. The only ignificant differ­
ence. which a fund in the replica~ 
for thiamine , was s ignifica nt at the 5 
percent level. The F values wer co n-
i tentl y higher for replica th an for 

proce es. The mallnumberofrepli ca 
a nd the la rge difference' between the m 
undoubtedl y contributed to the finding 
of o nl y in ignifican t difference~ a mong 
the rav. and proce sed ampl... l r 
hrimp . 

A di cu ed in eclion co ering in­
dividua l vitami n . many ofthe -e difft:r­
e nce in replicas could be caused by 
eve ra l factor. Novak, Fi ege r, a nd 

Bailey (1956) offered experimental 
error. micr biological activity (synth­
e is of additional vitamin ), enz ma ti c 
degradation. and sampli ng error~ a 
reaso ns for fluctuation of vitami n on­
tent. 

An eva luation offind ing in thi tud y 
indicates that no differe nce in en o r 
eva luation and no ignifi a nt differ­
e nce in vitamin retention between the 
microwave and thermal method a re 
evident. Therefore. it i concluded that 
the faster. labor avi ng meth od of mi­
crowave cookery cou ld be utilized v.ith 
no sacrifice of nutritional or organo le p­
tic qualitie to the consumer. It i hoped 
that thi pre ent rudy wi ll a dd to the 
knowledge being accum ulated o n mi­
crowave cookery. 

High frequency cooking ha a 
definite place in the future, and re ta ur­
ants are now operating wi th complete 
precooked. frozen, and microwa ve­
thawed gourmet dinner. With institu ­
tional, indu trial, and dome ti c u:,e in ­
creasi ng each day. there is no doubt tha t 
microwave cooking wi ll play an impor­
tant part in the food indu try of the fu­
ture. 

SUMMARY 

ulf a t hrimp were processed by 
2450 MHz micr wave energy and on­
ventional boiling to determint: if differ­
en es existed in organoleptic evaJu ti n 
and itamin retention . ince n ~ati~fac­

t ry method wa~ av· tilable for mea~ ur­

ing the te mperature of product" while 
being cook d b y mic rowave e nergy, 
heLlonic test panels were cmpl yed to 
in ure compatible cook ing time~ for the 
two me thod~ . IO-membe r pane l 
eva lu a teLl these method~ by ~coling a 
S-point hedoni c le;,t for a ppeara nce. 
te.\ture . and taste 

hernical tests for itamin a nd 
B-carotene. a nd micr bi logica l a ... ays 
for niacin. thiamine, rib fl avi n , and 
pantothenic acid 'Aere u ... ed to deter­
mine vitamin retention . tati~tical 

ana l)- e of a ll re ult \\ ere accom­
pli hed with the u\e or a 360 I B 1 com­
puter. Re~ult of lhe organolepti c te~t 
<; ho\\ed no ,>ignific, nt difference be­
tween the t\~O proce e: the un )) 
ignifi ant differen'e \\a" among the 

j udge . ., hov.ing vidence of an un­
trained te.,t panel \\ hich i~ I ) pical of the 
comuming pUblic. 

itamin \\a;, not found in the tail-
meat and thereafter ,>ample,> were 
anal) zed ~ r B-carotene. one of the m <;t 
important provitamin ppare nt 
percent retention'; \\ere ca lcu la ted from 
the mean va lue of the rep li ca., for each 
vitamin a nd varied betv.een 77 .4 a nd 
11 5.0 per ent for diffe rent vitamin a nd 
proce e a nd were ba~ed on va lue 
found for the ra'A co ntrol. The highest 
value , 115 .0 per en!. wa~ found in the 
microwa e ample a aye d for 
thia mine , and \\ a probabl cau ed by 
thiamina e found in raw -hrimp . \'hich 
i re pon s ible for de truction of 
thiamine . 

naly,>i" of variance for vitl.lmin 
compo,>ition .,h wed no ~ignificc:ll1t dif­
rerence between proce"~ing melhod~. 
although there wa,> a ... ignifi ant differ­
ence at the 0 .05 level for replica., in the 
thi a mine a" ... ay. 
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