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CHAPTER I 

I N T R 0 D U C T I 0 N 

Freeze drying fulfi l ls many of the long s o ugh t 

c r iteria for succe ssful food prese rvation , particularl y 

for rela tivel y expensive raw material that is highly 

perishable in nature b ut at the same time is adverse l y 

affected in terms of quality by c onve ntiona l drying methods . 

Shrimp is such a product , because of its char acteris tic 

flavor , taste and texture . Disadvan t ages in the shipping 

and storage of a f r ozen product make a me thod of preserva tion 

tha t docs not necessitate special equipment hiohly desirable . 

Certain textural and r econstitutional properties resulting 

from lyophiliza tion of shrimp remain a challenge to food 

t e chnologists both as to cause and as to m·~thods of 

preve n t ion. 

According to Bi rd (7) shrimp was one of the firs t 

foods to be freeze dried. In 1969 approximate ly 375 , 00 0 

pounds \verc p roduced in the United States and the quanti ty 

is expected to incrense in succeeding years ( 3J) . The 

Quartermaster Corps alone purchased 336 , 000 pounds in 1969 

and plans to purchase 385 , 000 pounds in 1970. Freeze dri ed 

foods are extreme ly advantageous for service men in the 

field o f a ction . The Quartermaster Corps of the Army is 
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currently purchasing ~e majority of freeze dried f oods 

processed in the United States . The bulk of freeze dried 

foods is utilized in the form of pre - cooked f ood combinations 

tha t constitute a meal when r ehydrated . 

Moorjani and Dani (90) h ave emphas i zed that despite 

the many a dvantages of free ze drying a s a me thod of preser­

vation for shrimp , the fact is that an un desirable toughe n i ng 

occurs with rather severe histological changes , loss of 

flavor , loss of color and dryness of mouthfeel . In order 

t o a llevia te these problems more information as to the 

possible causes i s needed. 

STATEHENT OF PROBLEM 

The prime objective of food product desilJn is 

acceptabi l ity . This may be assessed through subjective 

analysis by means of a taste panel of tra ined judges 

and/or by objective analyses of chemical , physical and 

microbiologi cal n ature . This study investigated the 

changes i.11 frozen cooked shrimp resulting frou\ the process 

of lyop~l i lization . The factors determining acceptability 

and t~.e degree of acceptability were determined by organ­

oleptic eva l uation . Chemical and physical cha nges that 

could be related to the acceptance of the product were 

investigated . Emphasis was p l aced on factors relating to 



tenderness . Da ta on changes resulting f rom ~1e lyophiliza­

tion of shrimp are limited . 

According to Gris\vold ( 46) , toughness in me ats is 

generally attributed to connective tissue present and the 

changes therein resulting from the cooking process . 

3 

The author of this study \vill inve stiga t e connective tissue 

changes and intramuscula r protein c ha nge s r e sulting from 

freeze dryi ng . 

Gol dblith , Karel and Lusk (40) h a ve revie we d and 

deline ate d the problems a ssociat.ed wi th the f reezt'~ d rying 

of f o ods tuffs . Major considcr alions i n clude : the qual~ ty 

of the r a \v p roduc t , ph ysica l and c hemic"ll propt-r tie s 

\·Jhose c h a nges influe nce the q ua l ity of the f r eeze dr i e d 

pro d u c t , mi crob i o l ogical a spe c ts , and food e ng ineering 

parameters that arfect quality . Fe\v t"aw mate rials offe r 

~ g r "aLer qua lity con trol challnnae than does s h rimp . 

f'l."eCZP d rying , a s a me:tns or p reservation, t iS ropor t e d 

by Haq>er a nd 'l'appc l l ( !:>l) , off.:.r advunti:llJCS such ;1s 

i n teg1.·i t: of shnpe and appearance upon rehydration ; c:< trcmely 

low mic-;:obioloqica l activit y as a ·esult of 10\-T moistu r e 

l.c '1:! 1 ; l ow den!;ity for reduced shjppinq costs ; long shelf 

li fe j n f luctu.:l tj ng ambient a tmcsphercs ; md easy rehydration 



nece ssitat ing no equipment or heat . The food products 

can be freeze dried i n the cooke d state as well as in the 

r a \i , thus e liminating preparation procedures before 

consumption . 

Juiciness a nd favorab l e mouthfec l arc associated 

with fat a nd moisture in meat . According to Chastain {13 ) , 

l ittl e or no fat i s present in shrimp . The au thor will 

investigate the 11 frce 11 and .. bound" water in an altemp t to 

show cause for decreased acceptability of freeze dried 

shrimp . 

OBJECTIVES OF STUDY 

The objectives of this study arc to de t.:,~rrninc the 

effects of lyophilization on cooked sh~imp as to ll 

microbiolog ical quality , 2) changes in tenderness and 

J) loss of juiciness . 

4 



CHAPTER II 

R E V I E W 0 F L I T E R A T U R E 

The method o f drying biologicals by sublimation of 

the ice under r edu ced pressure in vacuo has b een known 

for over 50 years. Shackell, in 1909 , applied vacuum 

pumps to his experime nts to acce l e rate the process as 

cited by Harper and Tappel l ( 51) . It was not until s hortly 

be f ore World War II that primi t ive designs of laboratory 

freeze dryers were made commercia lly availab l e . During 

~~is wa r much attention was g i ven to the development of 

equipment and t echniques for the purposes of supplying 

enormous quan tities of dried plasma and penicillin to 

the armed forces . By the end of the war , the technique 
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h ad b e come accep ted as one of the best me thods of preserving 

biological materials . Studies were under t aken during 

this period both i n the United Stat es and in Grea t 

Britain on freeze drying of meats , vegetables and fruit 

juices . A good review of early d~velopment of the process 

was prepared by F l osdorf ( Js) . 

The l yophilization systems in existence at the close 

of \<lorld Har II \o/ere not of sufficient magnitude and the 

process was too costly to be feasab l e for food produc ts. 

However , the renewed interest of the armed forces i n 



freeze dried foods at the onset o f the Korean conflic t 

provided the necessary stimulus for additional research . 

Harper and Tappe ll (51) reported that in 19 52 r esearch 

sponsored by the Quartermaster Food and Container Institute 

of the Armed Forces on freeze dried meat wu::; begun . 

By 1960 the re were only two major processors market-

ing freeze dried foods in the United State s . Interest 

in this method of food preservation qre.,., s o rapidly that 

by July , 1963 , the Unite d States Department of Agriculture 

publi:.;hed a list of 638 selected r efe r e nces including 

books illld articles on fcecze drying . 

The mosl importanl application of freeze drying 

to food appc~rs to be for meats , including beef , pork , 

ch icken and fish . Freeze drying seems to overcome , 

in '"hole or in part , all the ur.des irable dl.aracteris tics 

of ordinary high temperature or vacuum drying . Burke 

and Dccareau ( lO) hav~ listed chunge~ wrou~1h t; by drying · s : 

1} Pronounced shrinkage of solids 
/.) Niqrltion oc dissolved ccm::;tituents to the 

surfac0 of solid materials 
J ) extensive dcnnturation of proteins 
l) Case hardenir.g - the formation of cl rclati1cly 

hard , impen·ious luyer at the ..>urf.::ce thal slows 
the ral~ o: reh·•draticn and reconstitution 

5) Form tion of hJ.rd , impervious solids ,,•hen drying 
liq Jid solution 

6) Und sirable ch'}nical reacti ons in heat sensitive 
mat'"'rials 

6 



7) Excessive loss of desirable volatile constituents 
8) Difficulty of rehydration as a result of one or 

more of the above changes . 

The freeze drying technique is similar to ordinary 

vacuum distillation with one very essential difference . 

The material to be dried must first be solidly frozen and 

then subjected to a very low absolute pressure and a con-

7 

trolle d heat input . Under these conditions the water content , 

in the form of an ice matrix , is subjectively removed via 

sublimation . Ice crystals form into vapor , completely 

by-passing the intermediary liquid phase . 

Nany of the various aspects of the freeze drying 

process have been investigated . Love (78) studied the 

effect of freezing rate on the denaturation of cod rruscl~ 

protein . This investigator found that the rate of freez ing 

does affect the rate of protein denaturaLion during co ld 

storage of 30 and 90 days . From this study the postulation 

emerged that the locus of denaturation was at the end of 

the ice spears that formed in the center of each cell. 

lliner, Madsen and Hankins (60) worked \vith frozen 

beef to determine factors relating to drip loss . His to-

logical studies indicated that drip losses decreased as 

the freezing temperatures were lowered from 18° F. to 

- 114° F . Tenderness increased slightly \o/i th lowered 

f r eezing rates. 



Deatherage and Hamm (26) showed that quick freezing 

(- 55° C.) resulted in l ess protein de naturation than 
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slow freezing (- 15° C.) as shown by the amount of r e sulting 

dri p . These workers hypothesized that the small crystals 

formed during fast f reezing cause a loosening of the 

protein structure . This produced an increased e lectrical 

charge on the prote in structure so tha t more water molecules 

could be bound . 

The movement of wate r vapor from the i ce inte rface 

to the exterior of the food was discussed by Tappel l (121) 

and was further investi gat ed by Robson and Rowe (105 ) . 

Once the ice phase h as disappeared , there is still bound 

\·tater that.. mus t be removed for storage stability . BO'.lild 

vFater i s the moisture retained by capillary f o rces. 

Heat transfer , or energy suppl y , is important to 

freeze drying since each pound of water sublimed absorbs 

approximate ly 1 , 200 BTU of energy as reported by Burke 

and Decarcau (10) . The typical freeze drying oper ation 

'Jlilize d radiant heat i n the sublimation procC!ss ; however, 

Hoover , t-ln.rkantonatos , and Parker (62) succuss f ully u ti l i zed 

ultra high frequency (uhf) power tor accelerating the 

freeze drying of foods. Copson (18) successtully used 

o icrowaves i n the sublimation proces3 but the cost makes 

such use jmpractical indus tria lly. 



The optimum r esidual moisture content has been 

studied b y Salwin (107) . The accepted rate of 2 . 0 per 

cent or l ess is actually a holdover from the freeze drying 

of pharmaceuticals but Salwin and Slawson (108) indicated 

that this figure i s too low for many food rna terials . 

ORGANOLEPTIC EVALUATION 

Selection Of A Taste Pane l 

Hodern man ' s intellect is dominated by "hig!l.cr" 

more highly devel oped senses of sight and hearinq ; however , 

tasting and sme l ling also play a n important part in 

sensual and emotiona t life . Kalmus and Hubbard ( 70) 

9 

desl.:ribecl taste and ~mell as cht!mical scn!>es since "it is 

believed that the presence of certain substance:; in appropri;tte 

concentrations provide the specific stimul.Js ." Evidence 

suggests thclt the sense of smell ~s on 111 order. of gr~atcr 

magnitude ,.md is mo rc acute than the sense of tus te . 

Taste normally is active during drinking , bitinn, chewin~ , 

or Svlallovling . 'l'he complex s ensations \·lh ich muk.:! up on~" ' s 

impressions of specific kinds of foods arc the ones people 

recognize . 'Ihc 1\rthur D. Little Compa."l~' ():.t) rc t.'OrLs thJ.t 

it is po~s ible to obtain quanti tacive and cbjec.:ti vc in­

formation concerning neural response of th~ senzc receptors 

by using elcctrophysical techniques . The f<J<.:t i.;, h·::n.,rcv 't" , 

that only t·li. th the hUil'an subjC'ct can t.hc.,e different cri tcJ.·ia 



be relate d with any significantly reliable accuracy to 

hwnan acceptance . As a consequence the use of taste panel 

judges has become an integral part of food acceptance 

research . 

10 

Pfaffrnan (98) states that taste sensations arc directly 

related to ntaste buds " containing gus t atory cells with 

terminal microvilli found primarily in the fungiform , 

foliate and circurnvallnte papillae of the tongue and 

adjacent structures o f the throat . The tongue surf<1ce is 

insensi tiva to taste according to Janousky (6 8) but there 

is ~en:;itlvity to salt nround the edges , sensitivity to 

sv1cet primarily at the tip , sour a t the sides .md bitter at 

th~ back . Ple~.Lt (99) in,,lit;ates that the best measuring 

in:;tn'.li•Cnt for food ucceptance is the hur:tan being but thut 

humans vury \·ddely in sensitivity , that is , in t.he strength 

o f sens <:1tion.s which they can distinguish . Even with 

exactly the same degree of sensit~v~ty they vary in 

t.hei.r preferences. ·rt1.c interactions of every (?air of human 

t aste quulitics - sc1lty , sour , sweet a..'1.Li bitLc1: - \'lere 

studied by Kamen and others (71) and found to be pcsitively 

related to each other but to varying degn~~s . Ri.~...h ter 

and MacLean (102) , Henkin, Grazia·:lei and Bradlcf (56} , 

C.:.ul (~l), cmd uc.w~on et al (::: 4 , 25) have each fo...tnd that 

threshold tC!3 tir.g is of: value in the s c lectiot, of tas tc 

panel judges . 
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Bate n (4) f o und that the young and the mor e m~ture 

individuals do not give the same ev~ luation to certain 

foods. Young people distinguish diff ere nces be twee n varying 

strengths of materials while more ma ture indivi cuals do 

not . La ird and Brun (74) found that , in individuals from 

18 to 40 years of age, the taste pre fere nce s in degree s of 

sweetness and sournes s a r e similar . Past age 40 there 

is a definite trend toward loss of t aste sens itivity . 

Sex may a l so have s ome in f luence on «bility to e valuate 

t aste sensa tions . Wa lle n (126) foun d tha t strong fl avored 

f oods are mo re unpleasan t t o f ema l es than to n1ales . 

Parr (96 ) s howed the e xistance o f trends i n ta~ te blindness 

cmong c~rtuin ra~es . 

Hardy (5 0) advanced the theory in 1908 th a t a qenc tic 

t rend in ability t o taste e xists . Thi s theory hus be<"n 

expl ored by many research worke r s inc l uding Alakesli e 

and Salmon ( 8) who tested threshold level:-:; of scnsi t-iuity 

fo r phenyl t:hi ocarbamide ; Fc rnbergct ( 32 ) , v1ho test.~d 

p.:!ra-eLhoxy pl•.en lthiocr1rbarnide ; Harris and KalMus (53), 

v:ho tested for sl?nsi.tivity to phen tlthiou-red ; and lk>o•1er 

(6 1) and Peryam (97), v1ho tes t ed s odi um ben-zoo..~.tc . tn 

19 60 t aste tes t papers were develo~ed by Hundley (63) 

for r apid and simple genet~c tas t e testin~ to uete~ine 

i nability to taste . 



!Y.pes Of Testing 

Figure I represents an arbitary organizaticn of 

sensory test methods by Ellis (30) into five groups -

difference , anal ytical , sensi tivity , ranking and rating . 

Other tables of sensory tests include those published by 

Caul (11) , Juran (69) and the Committee on Sensory 

Evaluation of the Institute of Food Technologists (15 ). 

El lis (31 ) set forth criteria for the physical 

plant needed for reliable taste panel evaluation , for 

coding and order of sample presentation and for sampl e 

size . Amerine , Pangborn and Roessler (1) covered the 

entire scope of factors affecting sensory evaluation with 

multiple plans set forth fer particular testing parameters . 

The negative effect of smoking immerliately prior to taste 

testing \<las shm·m by Hall and Blakes lie ( 4 7) . ~11 tchel l 

(89) examined duration of tasting periods that res~lt in 

r~liable judgments . 

MICROBIOLOGICAL ASPECTS 

12 

Since freeze drying does not depend upon ste r iliza­

tion bnt rather upon a low moisture content for t..~e 

a ttainrr.en L ~ f an appre ciable shelf-lif e , the microbio-

logical ~~pccts of ~~is process are of conside r able importance . 

!:' -:-e eze drying is used successfully for the pre s e rvation 

of bact.e ricll strains . In the preservation of cul tL:res , the 



Hethod 

l. Diffe r ence 
A. Tr iangle 

B. Duo- Trio 

c. Paired 
Comparison 

II . Sensitivity 
A. Threshol d 

B. Dilu tion 

III. Ra ting 
A. Hedonic 

Numbe r of 
.Cva l uatac 

1 

1 

2 

5- 10 

5- 10 

1- 4 

S ru-r.p los 
Served 

3 

3 

2 

5- 10 

5- 10 

1- 4 

Nu.rn!Jer of 
o ane lsits 

6- 25 
Trained 

6- 25 
Trained 

6- 25 
Trained 

12- 24 
Untr ained 
for toler -
ance 

12- 24 
Trained 

1- 4 
Trained 

Figure 1 

SENSORY TEST METHODS 

Purpose 

De t ecting difference when inte:r-
sample effects are at a 
minimum . 

Detecting difference \'/hen 
slight inte r sampl e effects 
may be present; t r aining . 

Comparing samples for some 
s pecific characteristic. 

Selecting panel members 
eval uating i ngredients , 
mainta ining quality con-
trol . 

As in threshold method . 

De termining of acceptabi l ity. 
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organisms a r e not subjected t o e l evated temperatures during 

sublimation . This i s i n contrast to freeze dried foods in 

\<lhich Lhe food rna terial is , to has ten th2 drying process , 

subjected to elevated temper ature programming during vacuum 

drying . 

Food products con tain mixed and charas tcris tic f lora 

which appear in various physiological stages of growth . 

Each material wi ll have undergone specific processing 

methods : freezing ; drying under vacuum al: elcv;ltcd tern-

perntures ; packaging , usually in inert atmosphere ; and 

sto"t"age ~t ambir~nt temperatures until rehydrated for usc . 

A n:.port. from an Institute of Food Tcchn-1l0(J~' :;yrnposiufl\ 

( b6) indicates that the recovery ot ntiCLOoL"<Junisl"'"s \·• ill 

depend on ~any factors , for instance : 

1) 'lhc iaLtial physical state ; 
2) ·rho location~; of lhe orq misms on or J.n the food ; 
3) Tht:! prvccssing his tory of lhc toad ; 
4 ) r;:·:,c campo~; i t ion of t.h•1 food ; 
5 ) The concli tions main tdincd c.Jurinc; s loragC' ; :md 
G) The m2thod of rehydration cmployC'd . 

Each proced ure of freeze drying exerts specific 

stren~as on th0 product . Early research by nird (7) 

5.ndirttted that freezing , per se, 1-:ill normally result in 

the d "Struction of a portion of the microuiolo1Jical 

flora . The ratC' of freezing affects survi ·al of organis"ls 

as dccs the location of the or ::anism . The surface organis ~s 



are coole d a t a much faster rate than those insulated in 

the interio r of the material . 
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For sublimation to occur , water vapor must be re­

moved from the solid state . Charm and Ronswalli (12) , i n 

analyzing the eute ctic points in miscellane ous foods , found 

ce rtain f oods to have eutectic points as low a s - 40° C. 

and below . It is thus conce ivable and probable that a 

port ion o f. the wa t e r conte nt assoc iate d with such a food 

mate ria l, a nd the b a cteria the rein , is not sublime d but 

is drie d f rom the liquid state . 

According to Luyet (84) bacteria c an s urvive f r eezing 

du~ t o their abi li t y to undergo dehydration a5 the host 

mate r ial freezes and it i s this tolerance to dehydrat i on 

which actually accounts fo r the s u r vival that occur s . 

The f inal temperatu re to whi ch an organi sm i s sub j ected can 

a l so i n fluence t he survival . Borgstrom (9) i ndicated the 

rate o f 5urv i val is i nve r se to the decrease in temper a Lures . 

The opinio n tha t a n umber o f cel ls may be i njure d 

after freezin g and may be more susceptab l e to fu r ther 

injur y iMposed by drying resulting in a l O\Jer co l ony p l ate 

coun t for rehydrated f r eeze dried srunples \'idS suggested by 

Silverman and Goldbli th (116) . Sinskey and others (117 ) 

sh0Wed a lethal effect of high p laten temperatt•res versus a 

minor ef f ect of moderate platen temperatures . 
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The duration of drying and the f inal mois t\.tre content 

likely are important factors in microbia l survival . Most 

investigators agree that e xcessive drying reduces viability. 

Investigations by Silverma n and Goldblith (115 ) indicated 

that glucose may h ave effects othe r than moisture regul ation 

on bacterial survival . Physiologica l saline a lso may have 

an effect though an i nj urious one t o growth . 

Sinskey and other (117) demonstrate d ~1at moisture level 

has a greater effect than sto rage in air or n itrogen on 

the surv i val o f bacteria . Thus the packaging for prope r 

closure in freeze dried foods is of utmost importance . 

Packaging in l amin ated foil and tin cans in nLtrogen or 

inert gas is most effective . 

Of the four bacterial strains freeze dried by Pablo , 

Sinskey and Silverman ( 95 ) at two platen temperatures , the 

Gram pos i t i ve cocci were much more resistant than the Gram 

negati vc organisms . Charm and Rons\·Talli ( 12) ulso found a 

grea t er v iu.bili t y of Gram positive organisms . Spores arc 

extremely resistant t o drying und to storage according to 

Marshall , Murrell and Scott (85) . 

Silvennan und Goldblith (116) conducted studies that 

indicated the bacteria flora of c ommercidl freeze dried foods 

decreased during freeze drying . The principle microbio-

logic.3. l p roblem in freeze dri ed foods lies in t he prepu.ration 

stages prior to f r eezing and in treatment following r e hydration . 
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Foda and Waraki (36) reported fewer organisms sur­

viving thP. freeze dehydration of green beans than survived 

the freezing step only . These workers found that the 

vitamin content h.:td changed only slightly from t he fres h 

state for thiamine , ribof l avin , niacin and Vitamin A; 

hO\"cver , the size of green beans wc>.s smalJ er and lhe s hape 

was irregular in the freeze dried and rehydrated samples . 

'fhc most common analytical technique being cmp l oyed fo r 

microbiological evaluution is that of Lhe aerobic col ony 

p l ate count · . .,rhich cto~s not include obliga te anaerobes . 

Though practica l for in - plant testing , .. he method is 

criticized since tht"' d e tection of a l ow n11mher of org tnisms 

i.n u ~ample doC'S not necessc1rily rcfl0ct l:hc actu.:t.J quality 

or the absence of p.tthogens . 

Saleh, Sil verm<1n and Goldbli th (l 06) nnalyzcd eight 

corrum.H·cial frce~e dricn l"lCGt prcdurts for totcJ.l a·"'·obic 

colony ple1tc countn . en terococ~i , coliforms , saJmonellau and 

co ... 1gulusc-posi ti VC' s t.~phylococd . A cc rpurison ,·~s rr·.:<.lc> 

as to L~.! effec':ivcness of t~·;o riiffcJCcnt media for recovery 

of these miccoorganisms . These in vet; ti.;.:t. tors were unablt• 

to recover coli.forms or Sal~onella organisms bltt did detrct 

St ohvlococcus aurcu!i and "fecal streptococci" in some 
~ . 

samples . l\lthough most total colony plate counts •,.;cr.~ low, 

these pathcqens • .. :e re present in small :1unbers . 'l'he mediu 

roccnunended for usc in plati:tg shrimp s .. 1 pies is t·ryptoc.1se 
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soy agar with 0 . 5 per cent yeast. Clark , Reinbold and Rambo 

(14) recovered enterococci f r om 18 to 35 sample s of freeze 

dried vegetables and recovered coliforrns in 15 of the 18 

samples tested. 

Silvert11an and Gold.b l ith (116) reported that according 

to Dack , all enterotoxigenic strains of Staphy l ococcus aureus 

are coagul ase-positi ve but the converse is not true . 

Thus the presence of coagulase- positive strains has been 

accepted for the evaluation of the e nterotoxin potential 

of a food . Insal ada , Bor ker and Harrow (65) stressed 

the need for rapid in-plant metl1ods of microbiologica l 

testing particularly fo r Staphylococcus aur~. Thes~ 

authors outlined perspectives for such tests but ~t the 

presen t t ime me thods have not yet been developed . Immun­

ologica l testing i s not usually practiced because of the 

difficulty in securing sufficient quantitites of purified 

antisera. 

Saleh , Si lverman and Go l db l ith (106) evaluated two 

sele ctiv<.::! med.i.a for Staphylococcus au reus : the Oair.d 

l?ark.er and tl1e tellurite- polymyxin egg yolk agar of Crist ley . 

Egg yolk reactions were most consistenl after 48 hours a t 

370 c . The Bclird Parker medi um was also effective in 

r ecovery of Staphylococcus aureus from f~eshly hydrated 

r reeze dried foods . 



The fa t e o f b acteria in chicke n meat during f r eeze 

dehydration , r e hydrati on and s t o r age was studied by 

May and Ke lly (86} . Surv ::. val -::.! t'·1e na tural flora \vas 

de termine d a.fter freE::ze dehydra tion e:.ncl rehydJ:alion 
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.lt va ry.i.ng teml:Je.catur~s i ncluJing room te1np~:caLure for 30 

minutes . !llea Jc samplas ·we r e inoculated v1lth Staphylvc.occus 

a ure us , t he n dried , rehydrated , and stored at the same 

tempe ra tures as those not i noculated . Numbers of survivi ng 

or ganisms in the inoculated samples were determined with 

t he use of both selective and nonselective media . Approximate ly 

32 . 0 per ce nt of the organisms survived the dehydration 

and rehydration at room temperature . 

Rehydration ~tudics by Pablo , Silverman Goldblith (93 ) 

showed St~hylococcus aurcus and " fecal enterococci ," as 

naturally occurring contaminants in freeze drjed chicken , 

can grow in competi tion with the other natural flora at 

20° C. and above . The computition may be due to the nature 

of the microbial distribution on the chicken 5Urface . 

Pablo , Silver•nan and Goldblith (94) studied the gro\'lth 

patterns of microor~anisms in rehydrated freeze dried shrimp . 

Grovrth p2.tterns indicated a change in the bacterial spectrum 

in response to temperature. This \vc\s pronounced 'tlhen 

rehydrated 5hrimp vas stored at 4° C. ; the essc!'ltially 

mcsophyl~c population \vere present in fm-rer numbers than 
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whe n s tored at othe r tempe rature s . It \vas a ppa rent tha t , 

in common \/itJl othe r types of perish.:ilile fo o d p r oducts , 

r ehydrated shrimp can have a signif i cantly e x tended storage 

life by tJ1e usc of low temperatures . 

Silverman , Davis and Nickerson (115) comp a red s e ve ral 

techniques £or their ability to isolate c ougulase-positive 

staphylococci . Selective e nrichment involving inhibiLion 

of compe ting organisms wa s achieved by a 10 . 0 per cent sodium 

chloride solution f ollowe d by s e l e c t ion f rom mannitol salt 

agar or by the abili t y o t this org~nism to p roduce ha l os 

on egg yolk agar and on 1ween 80 . 

·rhe f a c t thn t bruise d tiss ue s u r i.! subjPct to bactP rial 

inva sio n of b o th ae r obic and anderobic or<ranism!.i was sho•.vn 

by fvlcC "lrthy , Orown .:md Hamdy (87) . A study of poultry , 

bruised <"xpe r imcntal ly , r eveal ed th tt t 6 1. 0 to 7·1.2 per ce nt 

o f the t i s sue ~~xamined hurbor e cl aer.ob ic and anae r obi c bac t e ria . 

The n umbe r of b ,\ctc r.i a i ncreased in t he ec1r ly s t uges 

(o ne to t\vO days ) or healing and gradualJ y dL'CtC'ased i n 

four t o s i:< d ilys . fsol atccl were 86 predomLwmt bacterial 

!;;tra i ns of •.·:hich 36 . 0 per cent of the Gram positive str ains 

be l onged to t he gcn us Staphylococcus of which ~; taphy 1 ococcus 

aureus represented half the s !:. rain~ . 

Silverm.:m and Goldblith (116) reported that spore- formers 

such 
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Bacillus cercus can be expected to be extremely resistant 

to normal freeze drying procedures in their spore state . 

The extent to \-lhich the presence of these organisms pose 

a threat to public health will depend on the extent of 

their contamination of the product and the treatment Lo 

which the product is subjected fol lO\ving rehydration . 

Obrien (92) , reported a rapid differcntiaLion of 

bacterin by gas chromatography in foods of C1•rtain car-

bchydrnte co•nposi tion . Metabolic products producC'd by 

wa~hed bacterial cells suspended in buffered glucose were 

an~lyzed by gas chromatography . Organisms tested inc luded : 

Esch~rich i.:l s:oli , .\e rob 1.cter aerog~ncs and ~pcci s of 

Sah.icnclla , Pseudomonas , Vibrio , \chrornol.>ilCLf'r , anu 

Flavobactcri.ttm . Chromatograms of the metu.bolic products 

forr..cd by each organism were di :fcrcnt \·rith the cxce:ption 

of ?scudomonas fluorescens and Vibrio E£ECOluns \vh ich ~id 

not produce ~ny detectable products by the method~ ~mployed . 

COLOR :'\1\Ji\I,YSES 

Color , flavor and odor chang·~s occur ing in shrimp 

as u rcsul t of frcczi ng are also cvi dent .ln free;:·~ dr i.ed 

shri:r.p . L·~rnon (75) noted these organoleptic chanqes 1s 

•.vell as textural change::> . 

The red color of cooked shrimp is due to R c~rotenoid 

pig1nenL , a:;tc::-:.:lnthin . The literature on the ea~:otcnoids , 



including astdxa n t hin , is extens ive and has been revi ewe d 

by Goodwin (42) . Ear ly literature r efer s t o astaxan t hin 

and a stacin as the same compound . Goo&~in and Sri s ukh 

(43 ) obtained two s epar a t e f r a c tions on extracting the 

pigment from l obste r . The r eddi sh pink f r action was s hown 

to b e a s t~xan thin a nd the orange- red fracti o n , as tacin . 

Sumner and Sumne r (11 8 ) i ndicated tha t astncin i s the 

oxidized f o r m o f astaxanthin . 
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The ini t i a l color cl1angc occurring in lrozen cooked 

shrimp i s t he resul t of the conversion of ~he original 

pink ish rerl pigmen t to one \~hich is more oranyc in co l or . 

'l'h.c blea<..:hing is apparently analogous to thal: t.~hi ch lakes 

place when beta- carotene is oxidized ~nd bleached. It is 

possible that the bleaching or astnxanthin is related to 

the oxidation or fat present ; however , L:he amount of fat 

is so smu ll in shrimp that Chns tain ( 13) Has not 1bl~ to 

extract any . In freeze dried shrimp , U1is bleaching occurs 

ma.ckcdly when packed in the presence of: oxygen and to ,1 

limi l.ed extent when shrimp is ?<-H;ke<l in ni trogcn . Horc 

rese1rch is needed to explain this oxidative color change . 

<.;hc~stain (13) developed a colorimetric procedure fo r 

detection of rolor loss in order to obtain quantitative 

data on the degree of oxidation . The red pigments \verc 



removed f r om ground f i s h tissue s ampl es by ace l one . The 

pigment extracts we r e analyzed s pectr ophotometri c ally . 

Peaks \.,re r e obse rve d for fresh and froze n s hrimp ilt both 

474 m_,..<-t-and 1150 m~ . The frozen shrimp extra cL produced 
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a higher peak at 450 ~ · The curves f or as t axnnthin in 

carbon disulfide publis hed by Goodwin ( 42) t.Je r c s mooth on 

either side of a peuk ilt 475 m_.,tc:-- . Ch.:tsta in nttribute s the 

s econd pea k .:tt 450 m/~ to the presence o f some b c ta-c.:trotene 

a nd/or c r y t.oxun t hin in the ex t racta nt . 

Lus k , Kilr e l and Go l dblie1 (82 ) studi e rl ustilcene pigwPnt 

loss ( r~ Cering l o p igment call ed us taxan thin b'' Chas t.:ti n) 

i n f r e e ze d ried sl11:ir.1p and salmon us a fu nc t ion of free ;:~ 

d r ying tempcr .:tture , t emperature of storage and the f)rc~ie nc.:e 

o r abse n ce o f oxygen d u ring s toruge . Thi s study i nd i c<l ted 

t hi'!t t eWt)Crd Lures o f storage a n d oxygen concent·ration we re 

the most impor tant factors de t ermin i ng the r1tc of loss of 

~1e pigmen t. The loss of color is yredtcr in f reeze drie d 

shrimp thun in f roze-n shrimp , t hus the above :i t.udy accounts 

[r)r the tJL"C<.lt(.!t' dc<Jree o~= pigment d ccJradation i n freeze 

dric~d shrimp . 

I n nn0ther stndj , Lusk , Kc..rel a nd Golcfulith (BJ ) 

invcstigcJted the effect of pla t en t enperaturc , freezing 

temperat11re and chamber pr ~ssure on the rates of f1:ee7.c 

drying ot· shrimp . No positive corrcl.., ti0n v.as shown 

in relatiQn to pigment change and the factcrr; s t udied . 
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t-toorjani and Dani (90} found the degree of color loss 

to be a more sensitive index of deterioration than organ­

oleptic judgme nts. This color change was a more accurate mea­

sure of deterioration than the loss of texture due to protein 

denaturation . 

Another method of reading color differences is by 

calibrated light reflection . The Agtron is a direct-reading 

reflectance spectrophotometer designe d to measure the 

relutive spectral qualties of product samples . 

TENDERNESS 

Toughness and lack o f juiciness in fish have been 

noted by Connel l (17} as the most common defect 0f f reeze 

drying . Humdy , Cahill , and Deatherage (48) refer to 

undesirable protein changes resulting from the freeze drying 

of flesh foods . An increase in cross linking of protein 

ch a ins ruld a loss of ye l forming ability may be responsible 

for this toughening . •rhe cross linking cou ld also cause 

dryness , which is due to poor water - binding cclpacity . 

In a review of structur es of various naturally 

occurring proteins by Seifter and Gullop (113) , a microscopic 

examination revealed that fish muscle cel ls prese nt al l 

the usual feutures of skel etal muscle cells; name ly , myofibrils , 

sarcoplasm , sarcoplasmic reticulum and nuclei. The muscle 

as a ~,..,rhole con tains relatively small amounts of connec tive 
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tissue between cells o f capillaries and of blood vessels . 

'rhe cells and myofibrils contained w·ith the muscle cells of 

fish are larger than those of beef , rabbit, and pork . 

Neasuring 'l'cnderness 

Methods other tha n chemical for determining Lenderness 

of. meats include : physLcal , enzym~tic , hinto l og ica l and 

S<?n::>ory . This study will relate physical mrn~urcmcnt to 

sr•nsory j udg ncn ts . 

Among Lh" physic1l measurements of tl"nderness in meats 

th.~t have be('n used , slwaring devices urc crnonq ·he mos t 

com~only accepted crJtcria . The first she~r device was 

asst'mbled and described by t-la·cncr { 12'1) in 1927 . I.atcr 

modj_fications were mude by BraLzler .:md the i nstrument came 

to be knovm ..lS the t·litn~cr-ilrcltzlcr shcur . 'This device is 

the one most commonly used for measuring texture at the 

pr<!scn t Lime . Scverul modifications have bl'~cn m<~de but 

the basic mechanism remains the same . 

.i\nother device \·:u.s develo(:led by Kramer (73} ~nd hi~ 

ass~cia tes u t the Uni ·;crsi ty of i-ta ryland . Highly significant 

correlntions hnvc b een found in v,'l,·ious labor a to.t: ies bt'! tween 

Krru:1er Shear p.t:ess readir.g~ and sensory eva tuc tj o~ . This 

tool \·/.:u; emr>loycd in the present study to determir.e 

cli::ferences of ~endcrn !;S in fro7.e:n cook tl and freeze 

dri cd cookc·d shrir..p . 
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Other devices for measuring tenderness in foods 

include : pe netration methods such as the Christel Tex turemeter , 

the Slice Tenderness Evaluator, the Lynn-Mitchell Haturometer 

and miscellaneous penetrometers . Biting devi ces such as the 

Lehmann Dexometer , the Volodkevick Bite Tenderometer , the 

Winkler Measurometer and the Mass achusetts Institute of 

Technology Denture Tenderometer are used by some laboratories . 

Mincing and compression devices, consi stometers ~nd tens ile 

strength apparuti we r e reviewed by Szczesniak and Torgeson 

(120) in a report o n methods of tenderness testing . 

Connective Tissue 

Seifter und Gallop (113) reported that lit tle is known 

concerning fish muscle connective tissue , but much i nfor ­

mation that is knm.rn is relat e d to t ex ture . The amount 

of connective tissue is l ess in fish than in mea t , varying 

from 3 . 0 per cen t in gadoids to 10 . 0 per cent in elasmo­

branchs as indica ted by Harrington a nd von Hipp0 l ( ~2) . 

The gelatinization temperuture is lm.,rer than that for meat 

.1s evidenced by the low tempera t ure at '"hich " f l a king 11 

or fragmen ta Lion becomes poss ible . The tenderness of fish 

can be attributed to t\vO f actors : its low content of 

connective tissue ; and the defin itely soft and eusil y 

degraded ~ature of the connective tissue . In practice , 

however , fis h is more diff icult to process textur a lly­

S?eaking , than carcuss meat . According to Rird (6) no 
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~u~~enticated instances have been reported of ~1e production 

of freeze dried (ish '.vhich has not suffered some unacceptable 

degree of textural deterioration . 

Connective tissue of meat consists of collagenous , 

elas t ic and reticul ar protein fibers embedded in an 

amorphous ground substance . The proportion of these 

fibers .:md the composition of the ground substance differ 

with the tissue . Li·ttle research has been directed Loward 

the c.:onncctivc tissue of shrimp though an extensive 

amount of researd1 h as been r eported on other flesh foods . 

S-:c.;:~sniak und 'l'orgeson { 120) reported tha l as car I y as 

1929, connec.;tive tissue ~·IuS found to be the major f lctor 

•:"O!l_!.Lo~Jting to ~..ouyhness . Hiner , Anderson m<l Fellers {59) 

co:t•pn:c~d his tolol}icul <.li ffcrences in the amount: and churacter 

of con"1cctivt! tissue from u \vide variety of beef samples 

0f knmm histor:y . 'L'h.(.! tender rnuscle:s of these samples 

con t·lint'!cl both 1 c•ss elas Lie fib<.!rs unci lcs:; collagenous 

fibers . Cover , !Utchcy and Hostetler {19) i"ounc1 that 

m,ts<::lcs ront..1ini.ng greater amounb> of collagen bcc.:.rnc 

progresr;i~,..·c ly rno!:c tender as in ::ernal tempera tlu:c incrca:.cd . 

In furt:.hnr studLc~ 1 Cov<"'r 1 llitchey a;1d llostetl..,r (21) 

s!1ov1ed cn:catcr fragmentation at higher int~rnal tcmperatnres 

in muscle containincJ grenter amounts of collagen but less 

fragmcnt.a.:ion at hiCJi"l.er internal empcratures in muscles 

contai;1ing less collagenous mater~al . 
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He rring and Ca ssens (58} studie d the fac tors affecting 

solubili. ty of colla g e n in bovine muscle . Col lagen solubility 

decre ase d with ma t urity tho ugh to t a l c o llagen d i ffe r e d 

only slightly . The corr elation s for solub ility o f colla gen 

and t e ndernes s were l mv . Gol l, Br ay a nd Ho e kstra ( 41} 

had pre vious ly r eported lower nitrogen and hig her moisture 

in young anima l s as compar e d to o l de r g r ouping s . Kim a nd 

Ho (72 ) corre l ated the tenderness of c o oked beef with 

collagen conte n t of the r a\v mus cle and fou n d a h ighly 

s i gnificant but s omewha t low correl a tion . Loyd a nd !line r 

( 81} s e p a r a t ed a lka l i - insoluble pro t ein into three f r ac tions 

and showed a signi ficant cor relation be t\oJecn the total 

hydroxypro l ine conten t of the frc:1c tions from beef mHscl e s 

and their tenderness . 

As a mcc:1ns of stydying collagen conten t , the determinati o n 

of the ami no acid hydroxyproline has been acce9ted as the 

['lOSt accurate index of connective tissue content of 

o i ologica l materials as indicated by llusain j and othe r s (64 ) . 

Neuman a n d Logan ( 91 ) employed a quantit<J.tive assay method 

thilt ~.;as \vell accepted though tedious and time (.:onsuming . 

Prockop and Undcfriend ( 100} oxidized hydroxyproline in 

the presence of a kno~m excess of alanine to reduce the 

interference of imino ac.:ids . In 19Gl , ~voessner (130 ) 

published a method for the quantitative determination of 

hydroxyproline i n biologi cal materials conta1ning as little 
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as one part hydroxyproline i n 4,000 parts of amino acid . 

This method also calls for fe,.,rer s Leps in the procedure 

than the Prockop and Undefriend method (100), but was found 

to produce reliuble results . Goll , Bray and Hoekstra (41) 

converted hydroxyproline val ues to collagen values v1i th the 

factor 7 . 25 . 

Controversies are apparent in the literature as to 

causes of toughening . Griswold (44 , 45) and Wllson , 

Bray and Phillips (129) concluded that the connective tissue 

content was not a critLcal measurC' of ten~lerncss . Connell (16) 

reported that in one study undertaken in J~pdn in 1950 

no relationship of toughness and connective tissue was found 

in r ish . Literature is void of studies determining relative 

comparisons of coll u.gcn and tenderness in sh ri 1n . 'rhis 

study '"ill <:~ttcmpt to determine if the solt:ble col tagen 

cont~nt of frozen cooked shrimp differs from that of freeze 

dried cooked ~hrimp . 

Variation tn Protein I:' -actions rn Nuscle 

Loss of t·endern ~ss und f l dvor have been a ttri bu ted 

to the den. turation of tish muscle proteins in fro~·en fish . 

Oyer ( 2 7) ~ound that the ex tc:1 t to •.'lhich thir; unde!:>irab le 

process had occucred in a :n•..;scle sample t.:ould be measured 

b~· the solubility of the proteins in sodium chloride solutions 

of varying strength follmving homoacnization . For gr~ater 
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accuracy of denaturation , Love and Hackay (79) , developed 

a method of measuring the resistance of the individual cells 

to mechanical breakdm·m . 

According to Love ( 77) the rate of denaturation in 

cod fish \vas governed by the sub-~ero sLor.:1ge t emperature , 

however , this process is accelerated as the temperature is 

reduced . It was concluded by Love (78) Lhat the cel l 

minerals and small organic molecules such as sugars become 

more concentrated at one end of each cell in freez ing 

than in any other cell location . Seemingly the dr'!natur.l.Lion 

occurs in ~he presence of conc~n trated salts in liquid 

solution . The prcmis~ that de:1aturation \~ould <.: ase «t 

10\'1 tcmpern turcs in \ l·ncn the l..1s t trac.:e of liquid had 

disappeared was pos tul.:1ted by this rcseur<.:h \'JOrker . 

'Ihc effect of decreasing the amount of icc in the 

tissue by the u~e of glycerol nd the effect of the .:1bolit1.on 

of icc alt<VJ •thc•r. by ultra-rapid frc~ze l•tct.:hod, id<.!ully at 

··30° c . or bt..•low , wrts found to denatur.e t·hc pr.ol:.'ins less 

thun higher f n~c:d ng rates . The complc tc· pr:cvcn t.i on of 

sur face dc:.iccati on <1lso aided in the prevention of prob.!in 

denaturation . 

5awant anJ Hagar (112) sho\ved tnat the ~olubilit.y of 

proteins \-:as less \'lhen the muscle v1as coated \lith a ::;ealing 



glaze before freezing . Of greatest i mportance in t his 

study was the indication that the denaturation of prot~ins 

was restricted to the ac tomyosin fraction of prote ins . 

The sarcopl asmic fraction remained unchanged . 

l\. distinct alteration in the distribuLion of muscle 

protein fractions was noted by Love and Hobertson (80) i n 
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cod fis h suEfcrin.g from starvation . The greatest change was 

in the actomyosin fraction , with little change occur ing 

in ~1c sarcoplasmic f raction . 

Studies under varyi ng conditions on the extractability 

of the protein fractions , a nd changes there in upon tend•"rne::.;s 

have recently been reported by Helander (5 5 ) . Though "' 

simpl e method for cxt1 1cting actin \.,.a.; published hy Szent-

Gyorqyi ( 119) in 19 51 , food technologi~ l;!> ,li l not ..l~;scss 

Utis factor ,,s of i mportance to tcnderncs:; Cor Bever.a l y(~ars . 

A procedure was tk.veloped to fract i on.:ltc the m.1jor 

nitrogen cont. i.ninq components of muse le by llcg u Ly , Bratz ler , 

and Pearson ( ? 4) . 'l'hc t:e l a tionship of i.n truccllu tar muse l e 

protein::. to tcnde.rncs~ <;-:as s tudicd . Severa 1 factors were 

found to corrciatc Hith tcncerness as measured by 5he.lr 

pre~s and p~ncl evaluation : 

l) Sarcoplasmic p-ot~in nitrogen ~itl1 total fibrillar 
protein nitrcg~~ ; 

2) Soluble f ibr il l~r protein nitrogen with tota l 
fibrillar protein nit~ogen and ; 

3) \·~utc.r r:ch~ased with total \':ater content . 
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Fujimaki , Aralawa , Okitani and Takagi ( 38 ) analyzed 

certain fractions of beef sarcoplasmic proteins by chrom­

atographic techniques on cellulose phosphate columns for 

enzyme activity . Activities were found for aldolase , lactic 

dehydrogenase and myokinase in three o f 10 samples . It 

was conclude d that the individual chromato~raph ~eaks do 

not contain a particular homogenous protein nor is all of 

any one protein found in a single specific fraction . 

The sarcoplasmLc and myofibrillar proteins were 

extracted from the musc l es o f two different breeds of 

pigs by McLoughlin (88) . The breed of pig ditl not affect 

the ex tr.:tetahili ty of the pro t-.eins . r. t was concluded 

t~at the qcne tic b ackground dJd not influe nce the inh~rent 

extractabili t y of the muscl e proteins . 

Bovine sarcoplasmic prote ins were ntudiecl by Thompson 

u.nd other~:; (122) . Chromatograms showed that definite 

changes do occur in sarcopl asmic prote~n . Sc.1mples were 

aged for varyin~ leng ths of tjme <'lnd aL diff~rent tempe ratures . 

The sarco9lasmic chnngcs could be followed by the duration 

of the ~fJ i.ng pc~riod but did not see m to be a direct measure 

of tende-:n~ss . 

Davey a nd Gilbe rt (22) conducted a series oC exper iments 

on the relationship of the myofibrillar proteins to meat 

tende rness . Changes in the ~xtractability o f myofibrillar 
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protein s from beef and rabbit carcasses \•iere exarnineu , 

during aging , using a buffer which disso~iates the actomyosin 

complex from the muscle cell . Approximately 52 per cen t 

of t he myofibrillar proteins of unaged meat were extracted 

in 40 minutes at 2° C . ; whereas , from aged meat as much as 

7 8 per cent \.,ras extracted. "The increase in the percentage 

of myofribrillar protein extracted during aging results 

either from a progrcs~.;ive weakening o( the fibrous protein 

linkages with the insoluble stroma of the mat cell , or from 

a disintegration or Llw insoluble stroma itself . " 1\ complex 

.-.lixture of other proteins were sho\'m to make up the e:<trl.ctives 

of dged tis~ue in a subsequent study investigatton by 

Davey and Gilbert (23) . 'l'his inclicat·~~· the difference to be 

c1 un to the disjntetJration of the insoluble rnc,l.t :-;trorntl. . 

E!:t.cr;t of Freeze Orvinq on Protein Ocnc.lturd.tion ---· 

The cf feet of freeze dryin1 on the dcnaturat:ion of 

myof:in A .md myosin I3 was investigated by Yasui and 

!lashir,\ot:o ( 111) . 'l'hc mcasuremPnt of cHit'no~;ine Lrlphosphnt1.se 

nctivi Lir>s and solubiLities were used to £hew t·hat lhc 

myos ins undergo di''n tturation through the process of freeze 

drying . 

·.rhc soJ ubili ty of the nitrogenous compounc5 of freeze 

ur.il'et ra•./ beef \vcrc observed (to change duri.lg stor«ge) by 

Cl-Gharbawi and ~1gan (29) . Generally, total soluble 

nitrog~n . ~olublc protein nitroge~ a nd soluhle non-protein 
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n i trogen decreased with increasing storqge time . Free amino 

group s a l so decreased during storage . 

Tuomy has published a r ticles on factors relaling t o 

the acceptability of freeze dried pork . Tuomy und Feler 

(124 ) showed that the lower plate temperatures resulted in 

more tender freeze dried cooked pork . Tuomy and Helmer (125 ) 

investi gated t he extent of toughening produced by freeze 

dryin g o n pork loin that could not be rcluled to loin 

\veight or conformation . 'l'hese investigations showed that 

the frying method of cooking uoes nol promote tenderness . 

The hypoth~zis that ~ revised cooking procedure could 

possibly offset the tougheninlJ effect of freeze clrying '.·las 

!>uggc~ted vr further st:udy . 

Bell and others (5) studied the te:<turc of freeze 

dried chLcken meat . 'i'he free<:e dried ffil!o.'\t '·""'~ found to be 

L·eadily di ~; tingui.sh<.1b le from t:he ft·or.cn . 'l'hc f ·cczc drying 

adversely o.'\ffl~ctcd the breast meut mere than the thigh 

1t'.e,1t . Seltzer (ll'l) rcc:omrnended for economic fc.:tso:tbilily , 

that only the high~ .. ~t quality chid:cns could b\3 freezl~ 

cll:l.ed . 

!IL;tclogic<ll Chanaes Rr>sulti.n~ from Fre~~e Drying __ __. __ _ 
Histolocical ~tudies on Freeze dried foodG dre much 

n~eded . i-lom:jani and Dc:-ni (90) studied the histological 
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di fferences in i ced fresh shrimp , a ir dried ~;hrimp c.1nd freeze 

d r ied shrimp . In f reeze d ried shrimp an extensive sp~ce 

s ys tern was formed and the muscle bundles shr mk com>iderably . 

Fresh iced s h rimp had a light ~icroporous structure . The 

freeze dried shrimp were much sup0rior Lo ~le air dried 

shrimp , h owever . 

~'la tar Holding Capu.ci ty 

Press fluid is a n index of " free " wnter und thus reflec Ls 

thE:: water binding c a p acity o f meat. Becl\use the juiciness 

and tenderness of meat may b e dependent on the free water­

bound water r.:1 tio , many \-JOrkers have souqh t ~1 v,1lid means 

of dctcrminut i o n . 

'l'he conccpt that fatness rcs•1l t:; in des· rable qu 11 i; ies 

O( jui.cinC'!3S 11\d tend1~rness V/<lS ['OStulatcd in j<)Q8 lJy 

Arr.\:,by (2) . Neither the role of f.::t t or of watt•r , nor the 

rel.d:ionship hc t\veen the t\o:o in m' 11- , have been defined 

clear ly . 'l'hc qu<Jntity of fat in shrimp is too small to be 

extr~1ctahlc ; therefore , iuicines:; must be relative to rnoist\.1rc 

~.; i. thin the sample . 

Ha:nsbotto:t , Stra:1dine and .. oonz (101) repartee tender­

r.E>c;s to be di:t:ectly related to t:1e water holding capaci ty 

of various muscles . Satorius and Child (111) showed tltat 

press fJ 1i d and total moisture decreased ·rith each increment 

of temperc.tturc incrnase it1 beL f . 'l'hc resnl ti ng pt-oducts were 
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less juicy . The pll dependence of \"ater holding capaci ty of 

beef was inves tigated by llamrn , Reiner and Deatherage (49} 

as \"ell as the effect of t emperature change . The grcates t 

change in wate r holding capacity occurred between ~0° and 

50° C . at a near ly neutral pH . A rather compl ete reviC\" of 

methods of determining press fluids i s include d in the llamm 

publication . One of the techniques recognize d for accuracy 

was developed by this worker . A sample of 300 mg o E meat 

was placed on filter paper be tween t .. ,.o plates and pressure 

v.-as applied . Qu.:1ntitatively the free \.,'1t:cr \"as determined 

by measuring the a.rea \·letted by the e:-tpresscd \"ater . 

Wierbi cki , Kunkle ond Deatherage (128) developed a 

method u::>inq a S[?t"Ci"llly constructed ccntr.i.fll~c tub • , a 

constant tcmp~rature walcr bath , a cent rifuge and a 

f<t\lgni fy ing gLass . The vol\1me of cxtracbm t "'as .read . This 

method i s r0produciblc , rapid and accurate . 

Sc"lnderson and Vail (U 0) developed a modificd t ion of 

the WicrbickL mclhod commonly called lhe one minute method . 

This me thocl uses the d if ferencc-> in \.;~igh t of the n·eat. s.;:nple 

before and .tftcr pressing to determine the .:unount of press 

fluid rclcc.lsEd . A pressure of 2 , 000 psi was exerted o n 

the namplc (or one minute . Usitl'J this method Sanderson and 

Vai 1 ( 109) de L·~rmined t.he Eluid content and tenderness of 

three different muscl"s of be!f <.;Ookecl to three different 
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internal temperatures . Little relationship bl"~l'.-1een fluid 

content and tenderness was shmm . 

In a series of tests on the tenderness of beef , Cover , 

Ritchey and Hostetler (20) considered juiciness and the 

softness components of tenderness . This work correlated 

s cores for juicinC'ss and two components of tenderness : 

softness to tongue and cheek and softness to t.ooth pressure . 

StcDks of the longissimus dorsi muscle were cooked Lo three 

different: temperatures . Correlations c..tlcul~lLcd on a 

lot- muscle-temperature basis indicated that juiciness was 

not closPly associ..1ted \·lith any of the six component;; or 

tenderness . 

Ritchey anrl llos te tler ( 10 l) d~tc r.mined ftec and bound 

\vater by .:1 rnod1. f icd hydraulic press method . Losses of 

free and bound water were evident at each increase of tcrn­

pe~aturc . A larqc perccntaqe or loss of both occured 

between 74° ?nd 80° c . Subjecti \'C scores in Hc,1ted 

dJ:"iPr , h .ndC'r meat with each increase in temperature . 

Ritchey {103) lnter found that subjective score:.; for 

eating qu 1l i ty of 1 •.·:o beef rnusclC's , long iss i 'IS dorsi 

and bic~pts temoris , cooked to t\o.'O final internal tc:nperatures, 

\·cere related to fat content and to the c"l~o mt of bound. 

and free \•Ia tcr . Sof t:1ess scores were associated \oli th 
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fat content . The amount of bound \.Jater remained relatively 

constant in ra,., and cooke d steaks . 

Literature is not available concerning the amounts 

or relationships of bound and free water to acceptability 

in shrimp . Indeed much of the literature cited for all 

aspects of th.i.s study pe rtain to tissue other than shrimp 

because of the lack of investigations repo~ted concerning 

this crustacean. 



CHAPTER III 

P L A N 0 F P R 0 C E D U R E 

SOURCE OF EXPERI..HENTAL PRODUCT 

Sh rimp used in the experime nts were of Lhe Pcncaus 

seti0.rus variety common~y known as white shrimp . The 

shrimp \verc obtained from a process ing plant in Hci\llen , 

Texas . In size , the shrimp usPd we:r:c 40 to SO count 

per pound . 

In order. 1 o get hiqh qui\lity shrimp , l:Ompany stnndards 

require consi rleration of the type of s h rii n , ·l ~anlincss 

of the water in \vhich the shrimp ,1re JrO\:n, leng~h of 

run f rem fishing <;round to shore and the hcmd ling procedure-s 

employed on thr " c.;alch' craft . Even though the catl:h 

i..s i ced in I he holds , the norrndl voy<t<JC of Lwo we 'kH 

permi L!-:i too 'J rca t c:tn inc.:r.ease in microor.gnnimn count . 

To !'iccu.tc hic;hcs t qual.L ty shrimp, c;ompur.y :; tdndnrds 

~ctcrminc that only shrimp f.tom boats thnt arc o u t two 

or three d~vs ar0 purch~sed and quality contro l sampling 

on th~ dock dctcr.rnincs acceptance oe rejection . In 

addition , a trimethylamine test for f~ec aMincs was 

u::>ect tc chc"ck f or degradat-ion on purchase::d lots . 
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After deheading , the shrimp a re quick frozen into 

10 pound blocks for shiomen t to the process ing plant 

\-Jhcre the blocks are he ld at -30° C. For processing the 

fro zen blocks are defrosted in a bed of s haved icc to 

preve nt t emperatur e rise on the periphery causing de-

tcrioration . From a gravity flow bin , a conveyor be lt 

carries the s hrimp Lo a line of 10 automatic peelers nnd 
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dcveincrs that operate at a c apaci Ly o1 100 pol\nds per hour . 

1\n inGpec tion at each de veining machin e: <2liminul:e~ mcch.:mical 

error a nd insures high quality control Gtandards . ny 

conveyor belt , Lhc shrimp arc spray washed and dropped 

onto perforilted cooking trays \..-i.th (\tl .1utomaticc1l ly contt·o lle d 

capac1.ty of 11 poundB per tray . 'lhc shrinp , placcJ on 

racks each ho lll:i nq 2 8 trays , arc p 1ss•"'d t:.hrm.;gh u steam 

cooking and .:immediate spray cooling systl 111 . The cooking 

timc , varying from three to seven minut0s is dependent on 

the size of the shri 1p r1nd the si'l.C Of the tray perforations . 

The cooling sys tern reduces the s hrimp t cmperu turc l·o 

27° c . The \vcjght of the shrimp fo ll owi.ng rookin(} «nd 

coo ling j s ~pproxime1 tc> ly nine pounds P"r tray . 'l'hc racks 

ar.c immedi ately placed in freezers operated at -10° C. 

i\. t,~ml?crature- timc limitation of four hours ftom thawin~ to 

Erc~';~.ing is in•l?oscd to further insure qu tlity of the proc!Lct. 

The shci.1p .:lrf' r.ctained in the freeze r for a minimum 

of six hours to jnsurc complete sublimation . 1\t this ~tage 
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of processing frozen shrimp samples used for U1e experiment 

were r emoved and packaged in hvo pound units in heavy duty 

plastic bags . Samples of the same batch run of shrimp were 

lyophi lized and packed under nitroge n in tin cans for 

experimental comparison s . 

The lyophilization procedure includes controlled 

time- tcmp<~ra ture gradations all under 1 . 5 mrn mercury 

pressure . During freeze drying the temperature is held at 

250° F . for three hours , at 200° F . for U1c next seven 

hours ancl then is maintained at 150° for c:iqht hours . 

Hcu.t is p1·oduccd by p.:tssing oil LhroucJh coils in the sh lving 

of the lyophilj zation chc.L~er . 'l'hc freeze drying procc!.is 

srnns u. total of 18 hour!.> and reduces the moisture level 

within the product to 0. 5 per cent . Both Stokes Charr.bcrs 

and Del v,1.c Chl'\mber!.i are used nonprefercnticllly within the 

!.iystem . 

A toluene distillation moisture test i:.> used to 

determine moisl:.ur<" level at the tirnl' of p .. 1ckagjng . 

Handling , cv('\n thouqh the processing area i!.i humidity 

controll0Ll , u.ccounts for about a 1.0 per cent moiRt.:ure 

increase. ~te Quartermaster Corps standardu require no 

more than 1 . 5 per ccn t moisture in the fini£hcd, packaged 

froduct of free~e dried shrimp . 
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ORGANOLEPTIC EVALUATION 

Taste Panel Selection 

The two basic types of taste panels arc the difference 

panel and the preference panel . Since uiffcrcnccs beLween 

the t\-JO products a nd changes r esulting .C rom (?recessing 

methods we.re concerns o f the study , for the most par t , 

a difference panel wa s utilized . 

The n"llidbility of resulLs from a difference p a ne l 

depends pdra.:1 rily on '_he degree of training , the ncns.i.tivity 

of the indi•:idlu'1 1. ['nne l mcmbcrz and the Ln Lercst of the 

pnnel mc:t:K r.•> .i11 ? =trticipation in this type of endeavo1· . 

'l'he nli liiD<?l o ..... l.ndivi.dual5 us,~ci iu a tli[fcrE!ncc !;).;tncl al;o 

ff•'!cts the r.!li. .. thiUty of the results . 

Since ~ difference panel provides no indication as to 

whct'-t~r o,e not. the cli.flr r"'nC'"' is dcsir<lblc , prC!fer·cncc 

judging w .... s .inc:luLlf'<i. An ovc J"c.lll degree of rn·c ((!renee \·las 

i:H"1icu t:ed between f:roze n. C'X l<.t'cl :>hr imp und rchyd ra ted 

f:rec zc dr.i.ed cooked ~;hr j mp . ;.. degree of tenderness wa~; 

also pr.eferent·i,llly indicc1tcrl. 

The individuals selected r-o ·crvc O'l tl•e la!;lc pm, 1 

had demonsLratcd ~.he ability o -ctcct rclati\·cly 5mall 

diffcrcnccn in f J avor and , pcrh .. p . .; . ore important , to 

de te.ct thc.;c di f ferencc5 cc...nsi~te'1 t1: . l\ group of under­

grudu.t.tc i.lnd gradunt~'"' students, bot...'l .1ale and fer ale , W'r'-' 



t e sted for their ability to discern salty , sweet and sour 

·t aste s in v a rying low levels of concentrations . Sodium 

chlor ide levels varying incrementally from 0 . 0075 per cent 

to 0 . 10 per cent were presented to prospeclive t aste 

panel members who had expressed an interest in , and a 

willingness to cooperc.tte with a long term Laste testing 

progLa~ . To t e st ability to taste sweet flavors , sucrose 

solntions varying from 0 . 175 per cent to 3 . 0 per cent \-lere 

presented to ~he pnnelLsts. An ability to taste sour \·las 

tested using solutions of citric acid ranging Crom 0 . 0 1 

per cent to 0 . 10 per cent . 

Fi Vl' le•.!el~ of conccn tro tion for each of L·he tlu.ce 

t<.~.stc sr~nsat:lor•c:; v\cre pn•sented .. 1t three <.hi:t"etent. tc~ttnq 

periods . A tol:.'l of ~i.q:1t thresltol<l levels for each 
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t:as te SL~nst:ttion was used . The sanw levels of f L·\Vor \·:cr.:~ 

net tested at cuch period . The position in ~1c order oC 

Las t:.ing the st:tme concentr:1tion l eve l \'c:u:i cd from ant~ sericc; 

to th ~~ next . 

Earll panel member •.va.; resur..s ted to condition his 

nr>uth ,.J] th dis tilled \later., berrj n tc1s1:i ncJ un tLl he could 

discern a particuJ.ar U~st.:! sensat.:i.nn, l.tl<:r. st.op t<lSl:)ng . 

f:ach pan,:!list \vus request d to r•·~oJ.:<., l;i1(~ tu.stc.. det-::cted 

und the number of the sample in .·;ilich the t.-tc;t.e ~,·,1c· first 

:!..denlified nnd then continue to t:1c next ::>e.·i~~ of conct.mtrut.ion 



levels until the series of three tas tc senst'l tions h ad 

been completed . 

The pdnel members \vere reques t ed not Lo smoke 
1 

drink 

he verages or eat for 30 minutes precedinq the t1sLe 

test periods . The taste testing was s chedulcJ <l t ei thcr 

mid- morning or mid-afternoo n sessions . 

From this preliminary study of threshold leve l 

dete r min<lt i on 1 1 p.:mel \vas cho!::)cn . 'l'hc 15 mc>mbers who 

h t'ld correctly i.dcnt i f j c d the three l:u•;tes and who h td 

sho-.. m con~; is Leney in iden ti fic.:1 Lion of. l:hrcsho ld levclG 

were selected . These individuals ran~ed in aqe from !8 
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to 55 ye:tr:; ; 111 v1ere \o/Or.len \vLth n hQme economics b, ckCJl'tnmrL 

P.ach had harl PXJ:>cr.icncc in ~vaJnJtinq food procl .. crs . 

The panel membe rs chosen were test0d for yunctic 

t.:tste inhibitions . At each of l:.hree dj ffcrcnt tnsting 

period<> .- tcs tt~ p<lJ?CL'5 imprcgJvl tP.il with chcrnica lu for Hhj ch 

\.nc\m "i.nhibi t ion~ occu t · 1 \i "-r." ~>re5 •n Lod f:or f l .lVOt" 

e:valuElti Pn . The •.hrcc chemicals t·c~tcd ~·:ere: 1) pheny l-

thiourc 1 1 2) so(liu rn benzoate, a.""\d 3) phenylthiucarbarnit1e . 

'l''lste Te!>t Pt'occdurc 

'"he ta.:;t:c pan~l eval•:ations of fro~e-n cookcrl and 

freeze dried cooked shrimp ~ere held at mid-afternoon 

scss i or.s on Tl:esn:l"{S each \vcek . :\ footls labor"l to,..y 1 not 



used by other classes , was set up for the panel ' s use , 

t hus e l iminatin g food odors and physical disturbances . 
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The pane l group was trained in the use of th0 evaluation 

instrume nt , in descriptive word choices to relate meaning 

in a common vernacular , and in the -Lestinry procedure to 

be used . ~ ~roup of from 10 to 15 trained pan~l\sts is 

L·ecommended for cUffercnce testi.nq by flilll (30) . "~'houqh 15 

p.:mel m~mbers begC~n the study two '.verc un.:ilile to continue . 

The remaininq group was detPrmincd to be ach:!quatc nnd to 

meet the ,.,!qulremPn t:> of tr«.i.ning for "' spE>-::if ic food 

probh'!m . ?..;o t-r;'t iring period:-; for pvtl.lli~ ting she i.mp 

produc-Ls precert0d thP actual t~stin0 periods . 

The s1.1.r::e ins ·trume nt •.-w~• uti.liz•.:d t!u·0uqhout the ta~-=t~ 

testing procedure . i\ -:..wo-S·Wlplc pre .; e n ta t.ion ,.,as •..lS 0 J. 

'l'\.,ro samplPs of t•11o shrimp each \vcre presented in petri 

plates to each judge . 'rhe o t·~1 'r n~ prc~l r: t t ion lv.::ts 

rotater1 with half the judryes tcsti.nt-; th~" free ze drier. sample 

end half t-f•s1:ing i:he £ro7.C:n samnl' t l!~.; t. The •;core 

sl1cets , ·.~ith coce numbers dc-=irrnc? tinq th<?. apprc!:'' i al:c 

sample 
1 

were pr.cpared in .:.1dv<ncc o!: t.'ic tcs t: ir.g p1 riod . 

The thl~ee diqi t code' nurtlb0 rs nsed i.n rodJ n'] the S<Ullr lt:!s 

·11ere ch=m~~d at each testing pcciod . 

Panelists c>valu~tf3d the> shri;1p ..>cJmples for differer.ces 

in 1) appc.::rl;\nc.?, 2) flavo1·, 1) j•.!icincss, 4) tcnd0rnc·ss 

to too1:.h, 5) tc:n·:i'' r.nesg to tr.nc;t'lC and chf' "''< 1 and 6) fra, :rocn t,d.:i.on. 
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The degree of difference in the shrimp s :unplcs was indicated 

on a sca l e with a range of nine degrees of possible differences . 

Space was p r ovided for an e xplanation of differences observed , 

fol lowing each category of evaluation . Panel. is t!l \vere 

rel{uestcd to give some explanatio.'t of any degree of d i f -

ference note d , omitting an explanation only if no difference 

was oiJser vcd . A copy of the instrument used may be found 

in i\ppcndix A. 

In ordl! I to de tc rmine whl' the r the di f fe o:!nce~ indicd ted 

\vere desirubln or undesir~1ble , t\vO rn tine] scales \/ere 

provided for e..:tch product . i\ nine poinL hedonic scnle 

Like ~ ... :(trem.cly 
Like vet.y much 
Like I''C2"'rat~ly 
Ll.ke u 1 i oh t ly 
Ncithc~ like nor di!llikc 
l)is like slicJh tly 
Dislike mode~atrly 
Dislike very mllch 
Di.sli:<:.e r>xtremflly 

9 
8 
7 
() 

5 
1\ 
3 
2 
1 

This hcdOt1iC ~c<1lC \vas II:.>Ccl to CVd IUcltC each O[ the 

bl0 products as to ovcral L iiC'<.~f'ptanr.t..! ar.cl c1 S to tcnderner;s . 

Thi.:.:; portion of the tc;\St.e test ':fils U1u::; a prcfen.""ntial 

type of tcs t . 

Samples or tha·.-:cd frozen ... h1 i,.,t'l ."lr.d rchydrat~d f:..:!e.:e 

dr1ed shrimp , both p .. :esentcd at oo:n tewperatute, l'"'l:C 

col:lparc.d. in t!H'! first si:-.: judqi.nq pcl.""iod~· · Dt:ring tl~·' l01st 
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three tasting sessions "prepared" dishes were evcl lua ted by the 

Bame method . The " prepared " d i shes evaluated were shrimp 

c reole , curried shrimp a nd shrimp gurrbo . The "prepared " 

dishes \.,ere included after the r e sults of the firs t evaluu tions 

i ndica t ed a de fini tc trend in tJ1e pre fcrcn c.:e for froze n 

s hrimp over rehydrated free ze dried shrimp . An effor t tvas 

made to determine i f th i s pre feren ce wou ld also be indicated 

i n combination wi t.h other f oods and other flavors . 

I·lrCROBIO T.OGICl\L 1\SI?Jo;C'T'S 

Procedure for t~3!'-i ng Dilu tions 

Sar.1ples o f1 ve gr.\:-,1::; ..... ach c:f frozen cooked shrimp 

.Jnd rehydrated freeze drie<.l cooked :>hri:n:;> '\'•"'rc! .... sc•tJt:ical l ,i 

\·leiqhC'd 1nd blended ·.v ith 2'5 r,11 oi sterilt; wnter for tvto 

minu t es in a microcup on il ~-.ldriag blender ...tt. hi~h :..:pc~.c"(l. 

Dilution.~ l1f 1 : 10 ; 1 : 100 ; 1 : 1 , 000 \·tct·e mudc fo1 further 

pl at ing a nd tcs t i n<J pr-ocl.;.!dures . 

0 roccdurc fnr Tolnl Plate Count 

Total ucrobic plate counts ~ere made hy ovcrpourin 1 

a one ml samp l e of: each dilution ·'lith tryptic. sc !iOi •Jnr-

su~pl •cnLPd \lith 0 . 5 per cent yeast . Plates · ..• ~rc iucub~t.ec! 

~t 370 c . and the total counts were adc a·tcr ~~ nours . Ea~h 

sampl e \·;() .; plated i..n trit;>licate for each 01 th_ dilutions . 
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Proc edure fo~ ColiCorm Tests 

One ml samples of each dilution of freeze dried 

and f ro zen s h rimp \·/ere pipetted illto petri pl<ltcs using 

s t e rile technique .-:1nd \-Terc ovcrpoured with ~tf"rilc violet 

red b ile agar at 45° C. The plates were inc~l~tcd at 37° C. 

f or 24 hours . The plilting was repe.Jted in triplicate . 

The above procedure was repealed using eos .in mt2thylene 

blue agar medium . These plates were also 'ncubnt('cl at 

37° C . . :md were read follo··1in9 2'1 cllHl •18 hour.s of ineub \Lion . 

Five t.ubes ot each of the three diLl!tlons (J_: LO ; 

1 : 100 ; ,md 1 : 1 , 000) of the frozen and nhydr.tt•d frcc,:e 

dr.ied s- 'p lcs \'/ere prepared by the add ition of LO rnl of 

sample to 10 rnl o£ trypti~u.sP soy broth wit.:h l per cent 

sodium chloride . These tubes • . .;ere in cub\ ted at 3 /° C. 

for 24 hours . 

Afb:r thi•; incub,lticn pt;:riotl , ,\ loop fr·om cuch tube 

that Clp()Ci:U:Cd to be turbid or clouJy W?!; s tt: aked on to pla tc!: 

of egg yolk ugar . The egg yolk ag tr bc.1sc wa..; prepared 

by a.:.cp t.ically , .deli ng t.i-te yolk of a r sh chick n egg to 

100 ctl of sterilized brain heart infusion broth . A volume 

of 25 ml of this mixture \vas u.ddcc to lOO ml of s tcri lc 

81.ct-Colbcck egg yolk C\gar base. The egg yolk u.gar plates 
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were incubated at 37° C. for 48 hours . Colonies exhibiting 

a halo forma tion were tested for a coagulase- positive reaction . 

'l'o te!:st for coagulase- positive colouics , trypticase 

soy b roLh was inoculatea using a wire loop and steri l e 

technique . These tub~s were incubaL0~ aL 37° C. for 24 

hours . The tubes \'ICre read for s.::Jttlirtv out (.!.iLtlc 

"buttons"} and for cloudinuss . One drop of tut·b i.d broth 

culture was added to 0 . 3 ml of L·econsLitutcd codgnlasc 

plasma . Control tubes of positive St.:1pllylococ;t:tt::; dUlT:us 

and u. ne'Jutivc Sar..::i na lutea \•/Qrc t:ompctt·cd with the 

Sllspcc':. cull.:ure::; . 'l'u!Jes con ta i..n ing knc•,<~n .111d unkno1·m 

solutions Here jnc;nbutcd in a 37° C. Wc•tcr b<Lth dnd \·/o'rc 

tl.!au ut 30 miHutc intervals for a pcrio~.1 of t;trl' hours . 

I? i.gmcn t I~;: t:rac.:t ion 

'l'he ~.;:<tract icn l?l.."ocedure for ,,.:; td:<o.n thin pigncn t.: 

ndopLed f\)r thi:; sLuc!y \vas a . .; folJot-Js : JOu gm ~..:c ch o:[ 

trv~L!n a.1cl rehydj:.1tco fn~el.e dried shrimp \·:cr · put thro 1g'·· 

a food :3d nder; etnd ·horvughly iilixed ; a 7 ~m c licpot of \.!acn 

shr-in.p mlxt.:.trc \Jas b lcnccd • .. J.Lh 10 g,n sodium ..;ulfal:c o'lnc.l 

10 :nl ucctone j n u microcup of <i. .'l ... ri.h.f Blend r .t high 

srccd for t;..·o minutc5 . The -Xtlr" ·" · ti..lt,..rc thro gh 

til ter [Mpc::- in to a 50 ~1 f lusk and m. to vo 1 umc ·.;i th 

\ortshing!L Triplicate e:•:tractions \.'C'r<: m,.dc of bvth crozen 
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shrimp und freeze dried r e hydrated shrimp . Samples of 3 

ml \.,r2rc pi petted in to quartz c11ve ttes anc.l the ubsorbancc wac 

read from 35 0 mtl- to 550 ll}..V to establish that wave h .ngth 

at \vhich grcates t absorbancy could be re~d . A compurison 

bc t\.,reen the two p roduc ts could the n be made on a quantitcJ. tivc 

basis . 

Measurement o f Light neflcction 

Ncasur-..mcn. Ls of light reflection w~rc t·c, 1 on an J\gLron 

Soli..d Stat~ !'1odcl ~-1. 400-.i\ reflcctc.m<.:~ fipectrop110tomctro r. 

The in:-; t:r:umrn t c~mbocii.~s ya5cous di ·>chotrqc tubcH for 

illuminuling the sample and i~tcrfcrence filters for isolating 

on:-- o t tJn:ec :-.1onoch t·c:n<:l ci c lines r rotr. the li ·h t :..;ourc ... J . 

t,clatiw~ sp~ctt:nl t:c-fl.cct:ancc .!.!3 mc,lst:rcd · y a phototube and 

.1 solid s tah~ amplif:il'r .md mete- . ;\ltern:lting pulses of 

light gcn~rated by the light :-;ourcf'\s , an~ reflected fro~r 

the botto~ oE the s~mpl~ ~ell onto th8 sensitive area of 

the photot·ub<> , <lf:t.;.:r passing t!l.ro1.1gh one of t.. monochro:n.1 tic 

f=iltcr.s . 

and rc:J ( f. 10 :n~) (67} . 

Si!,-.p 1 cs of ::;hd n.p of 25 gm c...::ch w re fir. ly chot·P.~ l 

and placcn in the sa:1plc cup of the inst-c.mcnt . Sampl<:.fi 

'.Y'C!:c read Lt th~ b luc r::odc.· , j n the o rccn .. ode o:.1r..d i!'!. the recl 

r ")de . •r:w SU.'T1C s<!:npll!::: \oll.!l::::! ~hen blcndnd \.'i th 100 rnl of 
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distilled \·later in an Osterizer for t\'IO minute:.> at high 

s peed . 'l'his suspension was .:tlso .;:cad in Lhe blue , the 

green and the red modt..!s for degree of li':ih t re C lt~ct.:mc~ . 

FACTORS RELA.TI\iG TO 

J:lroceC.u'.·c for Total Protein LJctern,in...ltion 

The Diurct t>l~thoc.l for qu"ntiL.:1tivc protein dt:! t •rrr.inution 

as described by llcnry (57) w~s used Cor. th'is stuJy . Ten 

e?..ch of froze n and rehydrated f.ce,..zc drit.!d c hrLnp '<\"ere 

des sica Led for lota 1 mois t.:ure de termina t.:iorw , t;h~n \'IC.::c 

C}rot.nd in d r:1ort r ·.·Jib~ a pest.:al. 1'hc ground d,.,.s:;icatcd 

material Wdd ':!ell r.1ixcd und .:;<..~mplc-s cf 70 me.; each wcr"' h'ei."hc<.l 

on a f·1c tLlL!r ancJ ly ti~al bt.llat~<'<' . Th...:sc Bampl"-"~; \·:ere placed 

in 10 ml. :o111mct.:r.i.c [lasks to which 5 .111 of 6 . 0 per c\;.!nt 

sodiuw hya::oxict• ~-1ere c:ddcd . 'lhc sar ·iJ le~ .. were "llowcd ·o 

;;tand ov1. raight in c. tlarkcn..!J ar~ct for solubili ~ •. tiou of 

the protein . To coffiplctcly solubilize the proLe 1 , ~ hot 

Hater buth dl: \50° c . Coll.o·-.rcc.! b~· a rot.J.tion 1- ·L·icd •r~s w .. :<Jd 

alt.crnat •ly . ~ihcn lh~ solu!:.ion v.as cl-ar , t·Jater ·.·:a:; ~·J·l•"d 

to make n t:ot,ll volume o: 10 ml . 1\ 1 . ) ml ~;arnple of 

soh1blc t_)rolein \v.J.::> d ·luted to 25 ml Hi th phybl•Jlogj cal •><tline 

dnd ·.1<::s •.vcll t:.ixed . Of lh:..; Mi::tur...! , .:: . 5 rr.l \:as rdx~d ~1.th 

2 . 5 rr.l of 6 . 0 p _r ccn t .-cc! i "..lr.l h~· .!.roxl.t.~ c...nd 1 M 1 O- B i ur~ t 

&:agent \, .:!:..: .:1ddcd to tP.c ~orrbincd mixtur"' . rt. tui.Jl·s 

rc.1..l at r-,tts r.yton ,, Hit..l5hi-P ':-ran- 'l "'r 5pcctro..,'tot.:c etcr . 
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The unknm.,rns \'lere read against a blank of 5 ml of 3 . 0 

per cent sodium hydroxide and 1 ml of Biuret HeatJCn t and 

compared with a protein standard . The standard consisted of 

7 gm albumin dh;solved in 100 ml distilled >-laler . A 2 . 5 ml 

portion \Tas reacted wit.h 2 . 5 ml 6 . 0 per cent sodium hydroxide 

and 1 rnl Diurc t Reagent . 

Procedure for Collagen Dl~tcrmination 

The distribuLion uf hydroxyproline iD confined ~lmost 

excl usively to the connoc tive tissue ; thus hy~roxyproline 

.. u:,·t t ' te t,,ctuboli~w. :>f c;cll.:tgP'; . 'lhc pn:cc·dur~ d~vc lopcd 

ny K:i·~ssner (1..) 0) '.-1.:1!> 11'.:il1.zcd in this in•J"'fitio tlon since 

accm:."lCY of ::1-..G pr:ccc..!l:rc h~t; been 5hmm in biclcc; icc! 1 

ma:.:.cri.~ls co.~Lcini.ng as :itt~·~ .:; one: p-.~:t hyt.lroxyprolinc 

in t, OJO pa"t"t o~ c:.r.tir.o ~cids. 

'l'hc snmp l<.>s ot f.rozen and rchydrn ted f rcczc dried 

shrimp thdt hud be"n oven dried for moistur:(.- dctermin~ltion::> 

were (inely ground ancl uti l i:te:d •!o r. sccurinrJ ,1] iq uo 1 s . 

Samples of 0.1 gm of rlcssicatecl tissue wct·c \:cighcd and 

placed in t·es t. tubPs . To each s :unplc tube 3 . 0 ~ 1 of con­

centrated hydrochloric acid und 3 . 0 ml dL;tillcd \tater. were 

added . The tubes '.'lcre then scaled and ..tut.oclavcd at. 15 

pou.1ds {;Jressurc o:. thr~c hours . After the tube~ we re 

opcnr.:rl 2 ml of t.."le a..;i.c :-;elutions was pipc:.:ted into clcnn 
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test tubes . Two drops of 0 . 02 per cent methyl red indic~tor 

we re ~dded to each tube and the acidity wa~ 1djusted to 

a pH of 6-7 t.,i th 2 . 5 N sodium hydroxide . Of the neutralized 

so l ution , 2 ml were pipetted into a 25 ml volumetric fl«s k 

and brought to a volume of 2 5 ml \.,ith distilled \·/U.tf'r . 

llydroxyprolinc oxidation \.,as ini ti "tt~d by c1rlding 1 ml 

of Ch lora'llin e T solution to 2 ml oi unknmvn !->ampl es in cl 

predc termi ned 'Sequence . The tube con l:.en ts 'fll~rc \.,ell rni;<ed 

and allo~cd Lo s tc1nd 20 min utes . 'rhc> Ch l.ot·.,minc •r \.,us 

d~stroyed by adding 1 ml of perchlorh: dci.d . 'l'he r,;onLC'nLs 

were mixed and n llowed to stand five minuLcs . Finllly , 1 rn l 

pur.a - dimc thy 1 :Jmi t~obt.:!n zaldehycle \lcl!i nddcd . The mix tu r.c \vos 

sh.:1kcn un Lil no ~;chlicren could he seen . The tubes \.,.ere 

pluccd in a 60° C . water bath f.or 20 minntc' . ; ~.hen cooled 

in til[J wttter ror five minut~s . 'l'he absorbancy of the 

solutions \vas det:crminNI specl:opl•otornetricllly nt; r.s7 ~w . 

'l'he hydro.•} pro I i nl"~ conc£->n trcl tions t.~erc de tetmined d i rcct ly 

from lh~ st~n~ard curve . 

The ~ t·:mdard cur•Je was de terminccl by f-.>lJ m:inC;, the 

above procedu.::e using tt'IO tubes e e1ch ot: 0 .... nd s.,t~2 o 

hydroxyproline . A stock solution was prt"'p~r·d by dis­

solving 25 mg of vacuum dried L-hydro:<yprolinc in 250 ml 

of 0.001 ~! hydrochloric acid . 
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~rocedurc for Protein Fractionntion ------ -----

Prote in fraction<!tion and a diffcrcntinl sludy of the 

proteins Hi thi n the fractions w~r-2 i nvc ~ tigA ted and re l uted 

to Lende r ness . The l?roccdure for fracLionation vias 

adapted from one develored by H0g .. :H:tv, Brat.zler .. :md Pc.:~rson 

(54 ) . The mnjor ch.:lnge~ w~rc in samplinrJ ""~t.hod , c:cntri­

eugation and buffer s ys Lems . 

A quancity of Pnproximatclv 100 gm enrh oE froze n 

-l.nd rehyc'l ratc cl freeze dd crl shrimp were hlott.cd tHice 

between P•''?Cr to• . .;cling , th~?n ground uLth .:1 f:·,ocl qri.nrl0 r . 

removal or ivc ~~ al iquots . 

Each sump l e \vc..15 plc.\ccd ir. a microb lcndl'r j .. n: \lith 

70 ml of ,, ohnsphat.e buffer (0 . J '56 :·1 di-p0tussi urn phospl,al'e 

a:1d 0 . 0035 H potassium biphosphatc) nt: a pH of 7.6 . 

\n attr.rlpt v1.1s made Lo t•:hievc sm .. llc! .. t parti.c.;lc size 

possible \cJil h a minimum u'l10U!11: ot Eoaminq . 'rhi:; \·J.l!j c11.:hlev<•d 

bv bl0.nri:1g for om' r1in11!:e at a blend •r spend of 8 , 000 eom 

(adjustro<l •·1ith a Pm•10r.stat trcuwfol.'ll"''- setbng of to) . 

~fte r hlen~inq , the m~tcrial wa' divid·d into U1r~c sn ml 

::::ertri fng0 tubr>s . 'rl~e blenc!f"!r j.u.- \" 15 rin~cc ·.'ith 30 ml 

of e:<tr.actinc; ~oluUon that -..;as nl~o uiv~d'd into the ~dine 

three ccntrifuqc tubes . After one hour tl1c Materie-l WdS 

centrifuged for 15 min 1tes, the supernut.,nt. •; s dc::::antccl 



and the vo l ume 'va'3 r•~corded . A vOlUJl'l:' of 100 ml of 

e xtract] ng solution \·las divided between the three tubes . 

The tubes \..,·e r e s toppcred und shaken thorough l y . After one 

hour the mated~l Has cen tri fuged for 15 mi.n utes , t·he 

superna t ant deca.n ted and i '=s volume recorded . 'l'ht.' r0.siduc 

:remaini!\g in thC' t:hree tuhes from the extracL ion \vas 

reac ted wi t h ~0 0 ml of 0 . 1 M sodium hydroxid0 overnight at 

room t empe r a ture . Th e mix t ure was filtered l:htouqh cit_~h t 

l ayers of gauze to remove alkali- inso lub)0 mntc~l~l , i. ~ ., 

connect i.vc tissue . 

A simil .. tr proceoure also using fl.vc qm oliqliOl:!; oc 

saT'ple wus pcrform,~d using a hi.gh i.or'iG ~trcngth c;:tractin'l 

buffer of 0 . 5 M ~ot~ssium chloride and 0.03 M GOd ium 

bicarbon.:ll · ~ al: pH ot: 3 . 75 . 'lhc rr~siclue from t·hL!> 

extr.:lction \.,rd . .; discardc<..i .:.tnt.l only the :;upcrnal:. rud:s rct~incrl 

fo.c an;:tlyses . 

A mode l PR-~ InternaLional Electronic~ Corporntion 

I\pfrigeratcd Cuttl:'i.fw .. JC ·.·!c1s used throughout the experiment . 

Ccntrifuginq \.,~ts dr>nc at 10,000 1pm ..tt c.1 c pccaturc oJ 

40 C. All fractionation pro~cd~res w rn carri·d o n in 

duplica tc at •1° c . pH mcasurcrr.ents •,;ere mace on a Sargcn t 

pi! me tc r , .tiOllc 1 0 R. 

The c:~tractcd fractions •.:ere analyzed qllun ti tati vcly 

b}· the E'oJi_n-CiocnltC'.l ;tcthod . 

5 5 



proce dure were as fo llo ws : 

1) 

2) 

3) 

Reagent A wa5 a soluti on of 2 .0 per cent sodium 
carbona te in 0 . 1 N sodium hydroxide . 
Pc<:lgen t B \las a solntion of 0 . 5 per cent cuprous 
sulfate in 1 . 0 per cent sodiw1 acet~tc . 
Reagent C was made by combining 50 m1 Reagent A 
with 1 ml Reagent B . 

Upon thA addition of 1 ml of reaa~nt C to 0 . 1 and 0 . 2 
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ml samples , t h e solutions in the tube were thoroughly mixed 

<lnd rtllo v;ed to stnncl at room temperature for. 10 minutes . 

Then , iwmcclia tcly a ftc r the <1cldi cion of: 0 .1 ml of the I:'o lin-

Cioc .. 1.1 tc u H •. .-~arrcn t , ~nch tube •,o~a!; r.horo'lgh 1 y mi:-:c ci . Af tc 1: one 

houJ:" the ft)tul volnme of t?ach sample was adjllstcd to 3 . 0 ml. 

at 500 n~t..by meun~; of a IIi t<::.~hi-Pet"kin-Elmcr Spectroi)ho~.:o-

meter , ' iodc l J 3Y . l\ t::cmput"Lson of these vaLue~: of the pr·otcin 

f:t:actior, hcLnCJ ilnaJy:;cd Hith thOBC Ol I he •;tt.ll'd<.lt"d (?~'r-

mittcu tho dctcl'mi.nnt Lon of lhl' prot~"in cont..~nl. thcrei.n . 

Thu ~; 1 c1nuard U!>f!d \·las nn albumin ~olu tion containing 

10 rng per 100 ml . Sarnr• lcs of 0 . l and 0. 2 \:Cr(· comblnr:!d \v" ~ th 

r·eaocnt c anfl Foli.n-Ciocult""ll ~eagent and the r•rOct:'dt!t"e 

t:<u> cor•JJetcd ilS for th~ unko~o·.,•n s:unplcs . 1-\ blmk of t:hn 

t-~orkinn a I kalinc copper rcaac1~ t c1nd \-.'ate .a: H .... s used for 

<!djust:ing the instrument . 

'fhr~c of tnc fractions r"'sulting f1o:n the• prctcin 

fractioaation procedure •.-:ere> .:lnal~'.! d qu mti tat. rely &:or 
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hydroxyproline . ·rhe supernatant extracted by the f irst 

ex traction procedure with a l0\'1 ionic 5 treng th. buffer , the 

supernata nt extracted by the second extraction proccdnrc 

with a high ionic stre ngth buffe r an<l the supt~r.n:ltant resulting 

from the rcncti on of residual rna ter ial \'lith sodium hydroxide 

solution . The \vocssncr ( 130) me tho"! of procr•duce \o/~5 c1gain 

utilized for hydroxyproline detcrminuLions . 

l\.liquot:; of 3 ml of each of the ;, upt' r:nu t,m ts from the 

extraction procrdurc of both fr.czen .1nd free•~<· dr i e d 

shrimp samp l 0s \11erc :.;calcd •.·1it.:h 3 ml of G t: hydrochlori ~.· 

acid . The tubes \lerc autoc;lavcd for th r ee hourn al: 15 

pounds prc . .;snrc . 'Chc tube contents of 6 ml "'·rn ncut alizcd 

·.lit-h n N sml i.uf"' :1ydr:mcidc so:ution <md \olcrc brought to " 

total volume> of 10 ml \-lith clist.illc<l \v.:ttcr . 1\liquot~ of 

2 ml were pipett.-.d lnto test Lubes for completion of the 

hydro::ypro 1 Lnc pr•)C"' dure as previou~:; ly di.,cussNl in this 

T<)'rl\J, ~'!0Hi'L'Unt·: 1\ND W~rrr.R fiOt,DWG t.:Al' \Ct'i.'Y 

Total \'lv'-e£ Dr•tcn inatioru; 

'l'otal moistures •,,·l!re deten in<'d b:t• t·..:o m thods: 

evaporation and toLuene extraction . For all oisture tests 

shrimp samples \..rcre blotted lightly b·:i~c be ~ n pup r 

towels before moi-3 ture deterr.1inc1t.ion pt·ocedu:r;c \•Ius begun. 
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Evaporc:ttive moisture determinations \vcrc mad" by 

drying s arnples in an oven at 160° F . mder a vacuum 

equivalent to 29 inches of Nercury . Weight lo~;ses during 

drying were used as total moisture content . For this 

determin<'ltion 10 each of frozen and r.chydrated frec~:e dried 

shrimp wore used . 

The procecinrc used for moisture d,, tcnlirhl.t i.on by 

toluene ex t:rac tion was the same as th."\ t us 'd at the 

processing plant from whjch th•-' nampl' matcri.ill w~,s obtained . 

The procedure i.; rontinely used in •ru 1li ty cont.rol to c;hf"ck 

moisture levels in frc~"'ZC dried products prior to pdckaqin~ . 

'fhe mois turc de termin~tior.. proccdt:.::-c Hu.; .:1s fol lo.,.t·· : 

a 50 qw :; 11ple of blotted shrirnp \vas (!'Jif..:kly tran·~rcrrL!d to 

a 500 ml F.•·ler.meycr fla.;k and 75 mJ ot toltiC'1C \/Crc poured 

in to the F. Lusk covering the 3amp le . The rl u~;k nnd '' 

trap \·te.rc ronnectt~d to a contlenscr through \vhich cold wat·cr 

<.:irculat:cd . 'l'hc ~UllO\.mt of hcnt ,1pplicd to the flns!< con­

La.ining l·h•.! ~ample .,.,as t"C'JUl atcd .;o that Lhc to luene 

condr;nscci Ln tht.! t.r.:lp at th< .. rat.! of auo11l: to u· drops pl!r 

~econd . 

1\ftcr 60 minutes o- distillc.1::.ion lhe moisture lPvcl 

in the tl.·dp \•las read at 15 m:inute int •rvuls until t;..oo 

readings •vcrc in ngrceMent . The milliliters ot dater in 

the trap mul tipl i.cd by t\;o is cquill to the p••rccn tagc of 

mois LurP in Lh _ snmp l~ . 



P~ecs flu jd Jetcrm~n~ticns wcr0 m~de bj weighing 

0 . 5 gm s.:.mples of be t.h t r ozen a."h.l r0hyt!rdt. •J frec:zc dried 

shrimp bet'vcen discs of ~lu.T.inum r.o~ l. 'l'he discs WC.!rr: 

placed bet'.-.reen dottble .fj lter p~pcrs md \:ccc lJCcGscc.! c.1t 

5 , 000 pounds with a Carver laborutory prc!;s . •r!'w toil 

discs with the pl."essed sample .... ere \·Jcighc·l on u. Nc~ tl:.let· 

anal~tticul bu.lc'mcc . Th·~ pres:.; fluid •v.:t~ he dif1·c t· --nc£> 

between the s L:.mplc \.;cignt bcfor~ end uCt:et: pt·c.;., ing . 
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CHAPTER IV 

P R E S E N T A T I 0 N A N U A N A L Y S I S 

0 F 0 A T A 

The data for this study •t~ere ob tainc d by Mc .:m:.; of 

both subjective and objective t e chniquu s . Certain fuctors 

usually related to tot~l product acc0pL~ncu w~cc invcti-

gated in determining the effect of lyophiJizaLion on 

cooked fr0zcn shrimp . The factor5 incJ.ud•~ <l wen~ : 

appe 1rance 1 f luVOr 1 jUiCineSS 1 l:Cndf' .:Cr\ ~ !; :1 1 cl.fld rn i Cr.O-

biologicdl OO?ulation . 

ORGAl'OL'SPTT C CVt\f.Ui\TtO~J 

org1nclcptir ''V llu<1tio1<:. b y R pane l of 3 tr..t i nl:'d judq~s . 

'Til~ puneJ. me!!'bc=::; were se lec ted a n t.:he ba .; i~ o( acr:nracy 

and conr;i_sL'n<.:y in i c.!cnti f y i nCJ t h rc"-' h..1sic ta~ tcs . 1\ 

pilot_ ::::tudy in taste t e!-; tin~ wati conducted fo r tlltt i dcnti-

f ic.llion 0f :.:h rcshold leve l s of solut i oiH> of varyLnc; 

s t r c n<J ti •. > r~"pl.'t:!S0n tin~ three cf t!~e four b 1Sic tc.~s lc ·. 

Solution~ rf cncro!':e , citri c acir! <!nd sodiur.; \.:hl or ide \>:e re 

e ach tu~ t ed on three serc1ratc t a-; t i.ng per.iods . 'I he judges 

part i. r.ip~tinc.; i n t he o..:ch1nn1,.p::; c evalu. don of ·hrlmp •1ere 

thcs(! \vho h .::d coP·cctly iC:en tid ~""o each of three b.15ic 

tas te~ u t: t:he tin:e:sh :..>l·i j <;·-:-:ls ru~scntPd durin g c ch 
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pilot testing s<"'ssion . Furth.""rmorc , the id:..!n ti f ic .. ttion 

had been mad<:! \'li t.h:i n a close rdngc of thr~sho ld l~ve ls . 
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Each panel merrb~r was tested for ccrtuin genetic taste 

inhibitions . Commercial taste papers impregna.tcu \Hth 

~tiourea , sodium benzoate and phcnylthiocD~bamiu~ (PTC) 

were used for testing the taste ~ensltivity . 

The judges were requested to check one anu on ly one 

of t h :2 following categories on the "'!' tsto..! Scn~;itivity 

Test1
' questionnnir0 ; no taslc , 3.llly , .we~·· , .~our or 

bitter . 'l'ht. p'ln~>li:;ts ~vv-re c1assifL~d i'cco rdinq Lo 

responses us to ta!•te .:tbility for ~•o~i.um l>i"!nzotttc- and P'l'C . 

The tdstc c.:la::;~;ifi:"; .. lt:iom; dc·.:cloped b·r Fo:: (37) li.d •• d. pled 

by To.vnscnd (123) wccc used tor thin .;tw.ly as fo!lo-.o~s: 

'J'as tcr~ 

( P'l'C - Sodiur.1 P ..!'l ZOt1 tc) ( P'i'C Sod1urn fl•·nzoate } 
Bitl,~r - bi ttcr No taste - .. ;wec t 
Bit- Lc t: - s<ll ty :so tas t.c - .·a 1 t:.y 
!3i t tc r - :sour i.S () taste - sour 
n i t-.t-r' r. - S\V~Ct; !o t lf.; t' - no ta.s t•"' -·----- -------- -----
For this study ~)oth tc1stcrs and nontnster:. ~,o,crc cho·en . 

Fo.< (37) reported •• 76 per c-=-:tt prcbabl dLst:-if:;n:-io" of 

taster~ jn the hurnnn race; t:v·,_·cfor•"'r t·o incluc! lc-rPptanc~ 

f · 1 t })"{ '-.he ..,,..-:s.n_!:, l>oth til!·t· cs anr~ o any g1vPn p~nruc. ~ ··~- -

non ta!> t cni sho•Jld be ine;lud~d . Eased on tcstG conducted 
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wi t.h 1 , 500 individuals, Fox fou!1d that individuals \o~ho were 

~lassified ns "no t nste - no tnste " in respect to P'I.'C­

scdium benzcnte t e nd to h a ve the lowest nwnbec of food 

dis likes ; whereas , those classified as " bitter-sulLy" have 

the highest number of food dislikes . 'These rcsul ts indicate 

that those categori zed as " bitt~r-salty" are more dis­

cr:i.min,m. t tas tcrs and could bias « panel i E thei~ numbers 

weighte d the total panel population . •r<1ble I shmo~s the 

l.'?.Sponscs oE tusLers pu.rticipettin<J in Lhc p.::cscnt study 

for the three chcmicetl compounds acconl i ng Lo the lJrlS i.e 

t<J.-;te rE>portod . Both casters .:md nontanters HCl'l.! d10sen 

a~ panel rr.c~bers Ln order that taste cvd luation would be 

.. :o ·c nc.:\!.-ly equated \·:it.h the dispersion ot tasters -.1nd 

non.tastc..:-s in the q~neral populution . 

During the shrimp tal:>ting periods t\lo sanples , one 

fL·ozen and one rLnydrc\t.ed-f recze dried, '•terc prcscnt.:ed to 

tl-..c t:c!.i t i nq lJ«nc l at· each evaluation scns ion . In the 

first si ·' pPriod.; of lestinq , the shrimt.> \"/~:;pres •ntcd i11 

a thm-1ed a.1d rchydral c d form wi.. th no (u r ther prcparo.t i c n . 

:r!·,e last th rce tcs t s\,.;ssions conclud~nq the o:::c;anolcp tic 

e• . .roluution include d 'prepared' dishes of shrimp - ~.:rcol , 

ct.:r::-y dncl yurnbo . 

'I".o~o type!; of c•Jnlttation used in th ~ study were 

a1.f fercnc~ t·cs ting anc~ preferential ratinqs . In thll 
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TABLE I 

RESPONSES OF PAL~EL ME~·U3ERS TO 'l'IIREE CHl:t·l fCl\L 

CO~~POUNDS ACCORDING TO THE BASIC Ti\STE REPORTE D 

Judge Tas te 
Numbe.c 'l'h to u rc_~l Socll um Ren zoc:1 tc P'l'C 

1 Bi ttcr Sc.1.lty Bitter 

2 l3i tt~r Silty No Lu$ Lc 

3 Ditter Sour Salty 

4 Bitter S\.,reel.: Sa tl y 

5 Bitter S\tC(: t Ui ttcr. 

6 Bj tter. Salty No taslc 

7 Bi ttcr ~ult~· ~!o t;as tc 

" 0 Oi ttcr Swee t Bi. t Lcr 

9 Oi t t\' r S•.:cc t No taste 

10 Bit l:e 1: Salty rHttr"c 

ll Oi t 1.cr S<lll.:y I) i. t l;(\ l: 

12 No tcts tc> S\·:ec t no t:.us tr' 

I 
l3 l Ui tt(!r Sal tv n i tt...9:_r 
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d iffer e n ce testing , the j udg..:!s cvalu.\tecl the degree of 

differen~e observed between the t\,•o saw.p lcs by checking a 

point along a s cale of 10 gr ... 1dations r<~nging from no differ-

e nce to a p ronounced difference . This type of evaluation was 

used f or each of the fo llo•:7ing areas of c:ompar.i !:ion: 

appear a nce , flavor , juiciness , softness to to1th , sof~ness 

to tongue and chenk .:.tnd fraqn;cntatLon . Six fll•.;stons ware 

use (1 for e v a luati n g app earance and f laver und five 

segz i oPs fo·: cvalu<.lting juiciness , sottness l:o tooth , 

scftnes:::; Lo tcncJue and cheek and fr.Iame nt.ltion. l'ha ob-

served di f f:el:enc·.::s \voere verbally des · i !..~ !d if an1 deg r1~c of 

dissimilarity w1s indic 1ted on dw seal.:! . 

for the cvuludl:ion of preference, C•H'h s 1mole Wiln 

Bc..:orecl on .:t nine point hedonic scale f:or tcndcr.ne$S ancl 

overall acceptance . The pan~l izt.:s ~·:e re rcqucs ted to circle 

l:h.t! number that bt~:-;1.: rld~;cribc<.l euch proauct . 

sc tle w.ts a.; fo 1.1 '.J'"'.; : 

Like extr eme ly 
Like..: vc.! t y mnch 
Like moc1c.l·ate ly 
r.J ke nl igh t ly 
N~irhe~ like nor dislike 
Dis ~ii~e slightly 
Di~likc moderately 
Dislike very much 
Dis like ex trcme l.y 

9 
a 
7 
6 
5 
I 
3 
2 
1 

The hedonic 

'fhc for.n "Ev.>luation o[ :-,hrirnp" r.l.JY be fou!1d ln 

.i\ppcndi.< .\ . • \copy of l·lte "CritcJ:ia .tot Judging ." displa}•cd 



as a rc fercnce for the panel members at cuch ~·tu.lllat.Lon 

session , may be found in npp~ndix B. 
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Di fference score s for each of the or Jcmol cptic factors 

investi gated we r e sub j ected to an overall an.1 lysis of 

variance . '£he differences between rcpUcations \.,rithin each 

far.:tor were compa r ed by use of the t-tc!;t . Only tlw t0st 

rc~ults showing a s i gni f i cance in obs~ r-vcd d i.r t:crcnc.:l.!S \vill 

be discussed in this disscrtdtion. 

P.rcf0renti.:t l raling scores v1cre c1lsn ~ubjcctcd l.o 

an overull .:maly s j s of V<lriancc . The 1:c1tinqs eva luatin<J 

l)olh ovcr.:1ll acc0ntance .nnd tendc rnP:..>::> for frm~cn and 

rcpl.it:ations were analyzed by lSC of' the t-tcsL , 'l'hc 

di.ff.<~r.enc•'S bel:'.tt:.!Cn tasting sessio.1s .-:ere co.n?arcd \lith the 

d i.ffl" rt'nccs ·~ti tl1. in c.\ par.ticular tas t i nq scs .... ion . 

The tlifflH'~nccs bcL\-/Ccn fro~cn und frl!""?.C Jricd Hhrimp 

s.:trtlp.l.c~• l>'l""rc nol; ~ignit1.cant v.•hen eithe-r "pl ~in" sht·imp 

or ~vhen " prepared" di::;hes \":c1·e served to the pcJncl m·mbcrc.; . 

Ho·.:cve c , a significant difference ,;as found be tween leG ting 

scss icn!i ia '"hich shrimp ~1as served "plain" .mel tho~c 

tee ... in r s~~;s;i en.; '.·:hen 11 prc:;>ar.:!d'' d;.sh~s ·.v •n· scrvf'd. 'l'he 

t-•;aluc:-; shown in rr·able Il indica tn thn sir·n if~cdnCl:' of the 

obs~rv blu diffc1:cncus in appe~~·ance bet,-:ccl' the slaLr~d 
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TAI3LE II 

ANALYSES OF APPE~~u~CE DIFFERE~CES 

DET\•1CEN TESTING SESSIONS 

Comparisons N~an S tundard t-vulue k* 

Oevi<sl:ion 

Rep 1 7.00 l. 24 
9 . •199 

Rep 7 0.77 1..05 --
Rep 1 7.00 l. 24 

7 . l S•I 
Rep 8 2 . 31 2 . 33 

Rep J. 7 . 00 1 . 2 •l I 
7 . :~58 

Rep 9 l. 85 l. 87 ------------
Rc> p 2 6.5 1\ l. ')0 

8 . 796 
~('O 7 0.77 l. 05 -
Rep 2 6 . 5•! l. 50 

6 . 450 
R0p 8 J..ll 2 . 33 

-
Rep 2 G. '54 l. 50 

7 . l~ l 
Rep 9 1. 05 1.?7 

Rep 3 G. 92 1. 27 

I 11 . 38.! 
Rep 7 0 . 77 1. 05 I 

Rep 3 6 . '12 l. 27 
7.037 

Rep A 2 . Jl 2.33 -----
Rep 1 6 . 92 l. 27 

7 . 7·i0 
Rep C'l l. 85 1 • 7 

up <o. ::n 
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TABLE II (Continued ) 

ANALYSES OF AP~En~NCE DIFFERENCES 

BET~VEEN TES'J'ING SI::SS IONS 

Comp arisons Mean S tand.:trcl t-vu1ue ** 
00viuti.on 

Re p 4 7. 00 1. 30 
7 . 1~'1 

Rep 8 2 . 31 2.33 

Re p 4 7 . 00 l. 30 
7 . 858 

Rep 9 1. 85 1. 80 

Rep 5 7.23 l. 67 
9.851 

Rep 7 0 . 77 1.05 r-

Rep 5 7 . 23 1. 6 7 
7. r,of5 

Rep 8 2 . 31. 2 . 31 

Rep 5 7 . 23 1. 67 
8 . 209 

Rep 9 l. 85 l. 87 

Rep 6 6 . 31 1. 81 
n. 4 1 1 

Ren 7 0 . 77 1. 05 

Rep 6 6.31 l. 81 
IJ . 099 

Rep 8 2 . ll 2. '33 ·-
Rep 6 6 . 31 1. q l 

G. RO 2 

Rep 9 1. as 1. 87 

**P < 0 . 01 
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replications . In replications 1 thr.ou•Jh 6 , sht imp toJdS 

served " !)lain " ··h · 1 1' · " \v 1. e rep 1.ca t1.ons 7 l:h ';.'OU<Jl: 9 r0prcsen t; 

"prepared " dishes ; n amely , creole , curry and gumbo . 

ru1alysis of data concerning obscrvcn appeurancc 

difference r evealed Lhat the F-value wa~ highly significan t 

as shown be low : 

-----------~--------------------··---- ------
Appearuncc 

Bct ... ;een 

\1/i thin 
'l'ot.:tl 

~ <0.01 

Sum of 

~~[U~~ 

724 . 77 

302 . 10 
10?.6 . 17 

D~g L" •t ... ~; 

freedom 

s 

lOU 
llG 

~10ilt1 

~5Jll·~~ 

90 . 60 

2.80 

Figure 2 compcln!s the muan·• f'"[ th<.! di.ff~rt'ncc .cores 

f or each tcs tincr per iocl j n tlu:c...: trc \S c>i c. t 'Pd rison: 

uppearance r flavor and j uicincs~.; . rr c high Ji( fc ·cnco 

scot·es found in cvnlu.:t tj n<-r "plain" unplr·<- ( ... cph c=-l:.i.o 1s 7 

through 9 ) for "prepared" clit;hc::;, ;,, lic.:tt' .hilt. in so 

far us appear~ncc is concern ·n fc dr i('ri .;i1r irnp co •lcl 

succeBsfully ne substituted fo.· .r .. :1 shrir.1p ln "prt l eel " 

dish 'S . The ~auc:c~; i.n thl' "~· rc·,ar · • ' d i.sh s tended o 

disquis0 differcn<.;es in th ' pigrnc:1 .nd L h:.·h tones of the 

frozen md free~:f~ clt·i cd shriMp . Th1 .• :oiuh.;r' ution coul J , 

however, be easi.ly clctcctt.:d if shri p \:t:re s rved "plai • · " 



Figure 2 

l\. Comparison of Difference Rnling Scores 

for Frozen and Freeze Dried Shrimp 
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The ntost frequen t l y observe r! differ ence b e tween f rozen 

and freeze drie d s hrimp wa s tha t o f co lor . Both the 

highly pigmente d color of the s hrimp and t h e color of 

the f lesh were obse r ved t o be di ffe r e nt . Ex emp l ary 

comments in orde r of de c reasing occurre n ce des c ~ibing 

frozen shrimp we re : pigme nt pink, f l e sh pale ; brighter 

appearance ; b r i gh ter color , mo re red ; mo~e n atural 

appearance ; and d r y appearance . Co un t e rp ar t comme nts 

perta ining to re consti t ute d freeze dried shri mp were : 

pigme nt ora nge , f l esh c reamy ; ycllowi.;h appearan ce ; of f 

col or; too pale ; c o l or fud e t1 ; cor.11 rather than pink ; 

s hinier l o ok i n g i ~..,e t .::tpp•.:!urance ; and p 1 \Hi\f'E' r .:\PfX~<lru.nce . 

Di fference s obse rved l n moistness .Jtvl pll. :;r.pn~ss 

vle r e rep or t e d infreque n tly but many· h.:tvl! been pL·ornp tl"'O 

by the free ze drie d p roduct having more exterior water 

adhe r ing t.o the f l e sh. 

\vate r b a t h of n)hydratio n and l·,cr.c blotted Lwicc Ughtl y 

betwe e n p ape r to\vels . However, a more moi.:;t appcar.ancc was 

obser ved in s~me samplc:s . 

appe a r ance ma y h a ve b een the result of this more rnoh;t 

surface . The wei ght and s i 7e cla:;si tlca t ions of the two 

sampl e typ e s we re n o t different . 
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Analysis of FJ..:tvor Dl f f:crcnce Tc~; ting 

Differences in flavor as indicated by the analy~i~ of 

varia11ce of responses of the judges \-:ere i!"lsignificant a~ 

sho'Nn below : 

Flavor Sum of Degrees Mean 
square.; f1ccdom ~Ur\t"e F-valuc 

Between 2 ~L 0 7 8 3. '3 I 
O.G?"P 

tVi thin 562 . 92 1 () t1 5.21 
Total 590 . 99 llG 

*P-<(0.01 

Some judg\';:; cons Lsi 'lltly 1ktccLed fldVOI di t cn;ncc.•B 

ut each ses!:iion, other j udycs could not. Of the lJ judg~ , , 

five \·:ere i.ncons Ls tent in their r •.·ponses l o f luvor 

clif fe rence8 w i Lh in the ~J i :< l:as t t r113 (K: d o<l!> i r. \-lh L ell shr i,mp 

;3CLitples ~vcre ser-ved " pl .. tin ." 'fhl.l' of th .... • five judgC:!i 

lJen Zva te C 1 tS ;; if i Ccl Liv!Pi . ThotiC ju~~cs who ware consistent 

in respond i.ntJ to fl<tvcr d it fcrcnc ·,; , indic .. llJ'd high level 

flavor dif[P~cn~es. Tho..;.:- juc1g ~ \· ho \.;ere he more con-

sistant in thci.r evc.~.luntions indic\tcd :1 fl vor pr•"' renee for 

the frozen sump 1 cs du t:i lltJ e.:tch ta ... :.L. i.ng s ·~ ·jon . 7hi!; in­

consist~"lcy by so!'"1e pane 1 :ncnber., · u l !. h w hie sed the 

results. 



Comme nts concerning f lavor diff:erenccs favor~d the 

frozen product . In order of frequency , flavor difference 

comments for the frozen product \.,~re : mild f l avor ; freshe r 

tasting ; bland; sweet , nice flavor ; and no aftcrt,1ste . 

Though the f l avor differences were not statistical ly 

signifi cant , the derogatory comments indic.tt-.ed not only an 

observed dif ference but a preference . Comm" n ts pertaining 

to t he flavor evaluation of freeze dried shrimp were : 

strong fish t.::tstc ; fishy f lavor ; old t.1st~ ; oif flavor ; 

and " cooked t\., icc" flavor . 

Table U! shows tht.' btste scn•.;iti.vi.ty cl.t::;~;L(il;.lt.ions 

as rel ated te flavor d i..f terence scores . Tile t\.,.O judges 

(11 and 12) \vho obser.vcd the l o· ... ·es t degree of 1: luvot 

differences w0rc inconsistent in difference Obbcrvdtions 

in five of the s ix factors evaluated . JuciCJC Numb"r 7 
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also rat..ed obsecv.:tblc d.i ffer-.,ncL!s inconsistently iu rcg..sr..:l 

to f.lavor , j ui ci ness, ccf tness l~O tooth , sof tncss to tongue 

and cheek , und (ragm<.n.Lition . Con!;istcn<;y iu r:c\tin<J for 

all judges \~·.1 . .; found on ly for the appearance f<1ctor . In­

consistency Ln one Cuctor only , nd that foL flavor was 

found in the eli. t: f•:rcncc ratings Lor Judge..; Numher 2 <-md 6 . 

The l J puncl c.e!":lbers \.;ere cho~ '1. •,y the accuracy and 

consistency n~gisterecl ir' a pilot . .:tstc t st stL:c!y . 

Various concc:< tr\.1 tions of suer"'··', .odium chloride anrl c;i tric 

acid so lu tions ··1e r~ pl.·e:,c n ted t.o a large panel of )ucges . 
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TAI3LE III 

TASTE SENSITIVI TY CLASSIFICATION OF JUDGES J\S 

RELATED 'I'O MEANS OF FLAVOR DIFFERENCE SCORES 

I --
Judge Tas t:c Te>S t Clu.ss L fi.cc1 t: Lo~1 __ r!t",lnS of 
Number P'rc 

1 
Sodium O~n :::ou te dif fc• rcnccs in 

flavor scores 

Tns tcrs of PTC 

1 Bi Lter ~a l ty 7 . 3 

3 Salty Snur 7 . J 

il Sa l t y S~·1ec t 5 . 7 

5 Bit t:cr S\·:cc t: r, . 5 

8 Bit t0r ~•wee t r-, . 0 

10 Bitt:er Sul t'/ •1. 3 

11 B i. tter s.~lty 2 .8 

13 Bi L t.:er Sc1lt.:y 6 " • .J 

L:ontustcrs of P'l'C 

2 No t 15 tc SalLy G. 3 

6 No Lils tc Sall:y r:: . 5 

7 No tds l:c ~ell ty 'i . S 

9 No taste s ... :cet 1.3 

12 ~To 1:..:1s te Sweet: 2.7 



Only those individu.:tls Hho correctly identified thi:! uasic 

t astes a t each of the th.ree tas~ir.':J ~~ .. st;ions and \vho 

identi fied the fl.:tvor at appr-oxim.:t te Ly t:hc snme conc•'n tr:t tion 

at each t aste s ession ware chosen for ~~rticipation in the 

shrir.lp eva luati on study . I!o·.vever , incOil!ii8 tcnc'/ o( thl! 

scoring of observaL lc c.iifferenccs in t:ho..! ~hrimp s tt11..ly 

indj cate d t h a t cons is tcncy und c.1ccur:ac;y i.n one <.U~t.!.l of 

flavor e va lua tion uoc~; not n~ccss.:ni .ly quali ry ill\ individual 

f or cv.:t lunting anoLhor r)roduct . J\ pi lot· :::tudy r:or. the ~;, l cc:l ion 

of t co•.ste (?an~ l members should test· the individual ' ~; (li!;-

cri'!ninato.~..--y pm1cr5 relating to thC' p(.u:ti<.;ul.ar food or 

Ana l vsis of Ui ifc.:rcncc:~ ih .ruicincs~~ -----

Analysi~ of differ~ncc scores ~vdlualinq juiciness 

r~sultcd in a non-signif i..c.:~nt F- VJ l.t.c f~:: the overall 

group as shmvn br.! 1.•.)\'/ : 

Juicincs~; 

Be t:v.:een 

t·! ~ i:i1 in 
':'otal 

~0 . 01 

Sum ot: 
!)C~E_ 

32 . 53 

s ·n . 77 
605 . }s 

111X.. •• 

Mc,1n 
,:;.I.!..t~ F'-va 1 uc 

7 .; • 6 i 
0 . i 80 * 

'i . 9 7 
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A significant t - va lue (~<0 . 05) wa:-.; (oun<l bt"1 l ween 

only tf:TO replicatio n s , r(;::plic<:~.tion l , "plain " !3hr i mp , and 

r 1' · cp ~cat~on 7 , shrimp c reo l e , as shmm : 

Comparison ~1can Standard t-va luc --- deviation 

Rep 1 4.69 2 .33 
2 . lb 8 k 

Re p 7 2 . 62 2 . 3 1 

*P< 0 . OS 

In evalua ting juiciness , five ju<l~ ·s were inconoisLcn t 

in their r cti ponscs . Four of ti1c fi\.c \.,rcrc th • ..:~umc p.:mclist:; 

~'lho had shmvn .i.n cO!l:':;iStt!ncy in cvalu 1tinq f:lLwor . t'our of 

the f ive incons i stent p~mcl m~'"'mbers '.l•'J'•' c.;lu.f·.·i~=l'd .:w 

nontastcrs a c co:r:clinq to t.h~;; PTC-so ~i l' b~..•n/1)i'ltc crltcri ~ -

This numb r r o f in co.~.; i!; tent J uJgcs ·ou lu h.lv<- hi. tScd the 

overall anu lysis. 

Figur:(~ 2 il lu~;t·r:<1ting th~~ mc.m..; ol cliff tr nr-c ~;cot~.; 

L)Crt.~ inin q to j ui.c i ner;s , !>hows that l•.,;:j dLCft•r nee h.JS 

.,..::-.. ~ observed in sh.:..·i.rilp served ''plain . : In th • "Critcr1.a 

r:O.r Tun · u " i ' f> ... '0 fclc•_o:t:~ ~""or J. uicin 'S~ ... ,l lu ttun 
~ dJ~ng , 1~ppenc LX , , ~· 

t,.;~re t o be cons ide r.cd . One tii.ctor w •· th" oun of "juice" 

nee:; 

wer e a l so 11~1ab lc to de teet di (fer ~nc ~ L 
• ~ 1 •ss . w 
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comments were made relating to the frozen sumplcs but 

description of the freeze dried S.:tr'1plcs j nd i ( '<ttcd the 

differ ence observed in the flavo1· of the: j uicc \:a~ n m.t jor 

factor in the difference v.:1lue as:> i 1)1\Cd . Stu tcmcn ts ftc --

quently made were thc:lt the .:1mount oC molstur• :tppeared to he 

similar but the flavor of the juice \·h s !:>Up~.cior for the 

frozen product . 

Concerning the f rcl' z0 d rj cd s unp Lc ; 1 <:om .. \ ·rl t~> in t.H'dcr 

of frequcncc were : t-he taste \·/il.S " \·lJtcry"; thP mouthl"c l 

became dry b efore s•.vallo;.,.i,lg ; juicy lt first: , Uum dt:y . 

This dryness of mouthfcr:.!l •.v<ts ob:~ tV •tl l>y · 1 '1/c.'r·.:tl l m •I ists 

in both the " prepared '' ciJ!.ih sampt': tn .,.,.C'll .l.:> in th·· l pI c.••: 

s erved plain . 

Analysis of Tendc_~~ Dut·a 

f th [ C ' r:~ of~ ·d rn·..;~ ii An.:1lysis of d<lta o~: ~ :1 -

softne5s to too th , coitnc:..;s to ton l • 
n<.1 dt k 1 and 

1 r· 1tucd f\.>r ·dell r..~Lor•..:crc 
fragmcn tation indlc'-l ted l:h.1 t l:•H' -

not signific·nt ~s in~ic~Lcd by tl' 
l1t1 in rblf' tV . 

Three of the five juc.1GCS \•Jho '1 d shc.ln 
·cn .... L. ncy 

in rating diffcrcr:ce::> in t l<liOr 
n 1 J. 1LcLn ·s conlin 1 d 

this pattern j n t:he t:.cnd~r.ncss ·v '11at i.on:> · 0 hr""C 1 

two \vere classified c\S nontasl~rs 0 . c-; li· b n.! tc . 
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Tl\DLE IV 

A.l\lALYSES OF VARIJ\NCE FOR SOF'l'NESS rro ·roOTil , 

SOFTNESS '1'0 TONGUE l\.ND CHEEK AND FMGi·!EtlTi\'rTON 

FOR FROZEN AND FREEZE DRIED S!iRtHP Sl\NPLES 

-
Subject of Sum cf ['f"<Jt"C CS i' ' •"" cln F-v~ l•Je * 
EVfl lU::.ltion 

f--··- .. · -
sqL•nr•"""S ': ... 1 .. € d•)!l2_ ..3''] 11 u !:C 

Sofi- n ~ss t0 tontr 

Between 34 . 45 7 11 . 92 
O.ClS 

Wi t:hi n dq6.92 Cl6 5 . 1.8 
'T'otal 531 . 37 !OJ 

Softne~;s to 
tongue and <.;hcek 

Bet\vecm 29.55 7 4 . 22 
0 . 7l 

Within 5 80 . '3l 97 5 . I) 8 

Total 610 . 06 I 0•1 

Fragmentation 

Betwee n 2G.66 7 3 . 81 
n . n8 

I'Vi thin 535.'74 C)5 :>.6-! 

Total S62.40 
_ _t ____ ~- .I.- ---- . -------· 

*Not signiCicant 
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Although the 13 p anel mPmbcrs r,.,rere individuuls \.,rith 

traini ng in food t.J.s ting and had par:ticip ... tted in lwo 

preliminary t asting sessions p.cior to the s t11dy , the fac Lor::; 

of tenderness appeared to be confusing . The fncto rs of 

softness to tooth 1 sof i::ness to toncJttC and clH~~~k 1 and 

fragmentation have been used SL'ccc:..>s(ully by r.escctrch worke rs 

investigating beef tenderness . These Lhrec areas of t~nde r­

ness are possibly not as discrimin nt or·y fo1 shrimp us ror 

beef. Fi gure 3 shows the mean difference scores for cadt 

t a.s ting session for each of the t:ht:ec tcndt:Hncss factor~ as 

compared to difference•> of app<2<u·nrt• ' !"l.:!.vor· and juicincn·; . 

Not only w.1s ·.ncoru;.i s tency appcH·cn t amoncz •;om,; panel­

ists in scor:iny of like snnples 1 h\tt r!i.ff,"r~ncl'! rating scorc!i 

Here in cons is tent vd. th th(• com.-nen l·:; mndc uy h•·:>e s~1mc 

judges . Comments concerning tendcrn •ss diff••cl'nccs for. 

f roze n shrimi? silrnp les 
1 

in the orJer of frcqul"nc·t expre:.ose<.l 1 

we re as follows : mot<.' Lullucr 1 t.'dSL• · L· to cut \'lith the te~l:h , 

~<lsier to ch~\.·.' 1 J.ittln tool.:h prt•S:Jill' ncedf'd, .mt! fragment!.> 

more rcuJily . comments in t!'te ord •r of (r 1 : .... nc1· rcpot·tcd 

for the rehydra t•'d (r.cezc dried :. ra Jlcs wetc: more res is tan t 

to l:octh pressure; chew~' ... 1ad touqh; L .. l~ ~s mo::-c chl"tvi 1 t ; 

more chm-1ing prl'ssur~ noeded; more r ".;l li~:1 t; ~;pongy; c!ocs 

not f r agment . 

Tendcrnt.~ss ,;as a l:>o scocccl on ·l nine po · n t hec!0n ic 

scale in the pr.efnrcntiaJ 1-a'i:ir.g s" mcnt of :.he Ql·ganoleptic 



Appear ance 

Flavor 

Jui c i nes s 

Sof l:ness to 
tooth 

Softness to 
tnngue-.:;heek 

Fragmentation 

[ __ , 1----t--i __ , 

0 1 . 0 2.0 ] . 0 . 0 5.0 6 . 0 7 . 0 

SCl)L."CS 

Figure 3 

Means of the oir f0rc nc12 Scotes tor Or Jdnolcptic 

Evaluution o£ Pr.o:len ancl l'""cczc Dr:.. d Shrimp 
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evaluations . The in con sis t-.enci es obsc> rved in individual 

r atings and the inconsistency between comn1.ents an<.l differ-

ence ratings by a gi vcn panel mcmbu r \·rere not as apparen t 

in the preferential rating system as i n thr Lhrcc diftcrcnce 

ratings for tenderness . The datn f:or thi!i study ind.:.<'atcd 

that , in the area of tcrtc:erness, tht're were .1 higher ngrccmcnt 

in .c~sponscs on a pre.Ccrenlial rat·in~J type of !>co.cing l:h m 

on a c1 ifferen tial sc~J c' . 

1\t.alysis of t h e data from the prcfcrcnti.tl rating~ 

of P""u<.~t..:ct tendcrncr;s i.ntlicat~Jd d !;igni f ic..1n t F- valuc 

(P < 0. 0 1) • 

lic.ll:. i ons as ~ho~.Jn in 'J'c-..tl>le V. 

·tn J signLficuntly lo\':cr ratinJH tor. the fr.c ;:c dr i t-d 

pro~~ct jndicatcd that c textural clldngc had taken place 

as « res ul t of lyoph i li zu ti.on . · igu r(> 4 .;hcr.~· s th Mean 

rntin')s tor uv.d1 te~1:i n r period for: boLh Lh•} froze!' .1nd 

frc~::-;c dri. ~,J prodtlcts . 

;o~~ ll )t"nC"' S'·o .. c• b -.. "d on .l nine nnint •u1 OVC.Ccl ac;CCl u "'- " L"'-

hcdonic scale was recorded for the ro~en ~nd the frcuzc 

d f · t C!t'r1g - ion - ·rh~ r-valu-· ·~ 
r~cLl snmplus nt cat:h o n.tne ~ J. 

03 
•

03
- .., , -

d f. r · anc she\. 'd a prefer •nee etermined by ... maly.a~ o va L 

for the froz(:n !j.:t:nplc, sir;nificant 1t th.! 1.0 P·~r cent 

level , .:1t each tasting s~JS!>icn :1s ~hown bv Table VI. 



'I'ABLE V 

ANALYSES OF VARIAt.'\lCE rOR 'l'TmDt·:m.JESS 

RATINGS FOR FROZEN AND FREEZE DRIED S HRH1P 

SAMPLES FOR EIGU'r 'l'C:STING PEP IODS 

Testing Sum of Dt"<)f'eS i\<h'dn 
Periods sq_uures fr •dom squ.lt"t"! F-valuc " --------

1 
Between 67 . 85 1 67 . 85 

30 . " 1 
vli. thin 5}.54 2 4 2 . 23 
'Total 121 . 39 25 

2 
Bet\'vecn a J • 39 I. a 1. Ja 

67 .1 :1 

Wlthi.n /.9.08 2tl 1 • ?. 1 

'l'otal 110 . 16 •• ..> 

3 
B·~twecn 17 . 1/. l ·i 7 . 12 

/.8 . 8?. 

~'V L thin 39.23 2 ·l l. (i 3 

•rotal Bl'5 . 35 25 

4 
30 . 1.5 Be.tv1een 10 . 15 1 

17 . <'15 

\Vi b'l in 10 . J 1 24 I. 68 

rl'ota1 70 . 16 25 

--· 
*P < 0 . 01 
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TADLE V (Continued) 

ANALYSES OF VARii\NCE FOR 'l'E;-JQER:JESS 

RATINGS FOR FROZEN AND ['REEXE DRIED Sl!HH!P 

SAHPLES FOR EICll'r ·rES'l'ING PF.l<TODS 

Testing Sum of OCrJt"Cf!S .,_ ,,,n 

Pe riods sq uarcs f r~edo!l'. .>~lll<l rc 1-'-va 1 ue k -- !----"· 

5 
Bet:,•ecn 74 . 46 l 7•L 46 

4 7 . til 
\vi thin 37. G9 24 l. 57 
Total J.J2 .15 25 

6 
Bcbu.:en 7 L. 12 l 71. 12 

J I . 813 
~vi thln 5 LS4 I l. .\ 2 . 2J 

Total 12 t\. 6 6 21j 

7 
l3e t v1ecn 15.38 1 1.). 18 

0 . 23 

Within '10 . 00 ?. tl I . 67 

•rotal 5') . 38 ') r: •• :J 

8 
30 . 15 13et\-l8Cn 30 . 15 

, . 
JJ . 96 

t'lli thin 5 I . 85 2·1 .! . l G 

Tot.Jl :J~ . oo 
') c::: 

I .. ) 

-

*I' < 0.01 



Ul 
~ 
0 

·r-l 
Ul 
'II 
Q) 
(l) 

84 

5 

4 

3 

2 

__ } 
,..__ ___ .___ ~--t--t~--4 ___ , __ 

0 2 .0 3 . 0 4 . 0 ~ . 0 G.O ., . o n. o 

I

~ ~ F!.-ozcn 
~ '2 r cc zc Dried 

S~:orc .. 

Means of. Pl.'l''[cr·cnt.ial R<lting Scot· s for 

TenJcrn~ss Cor Fro~en end Fr<Jezc Dri ·d Shrimp 



85 

TABLE VI 

ANALYSES OF VZ\RIANCE FOR OVERALL ACC.EP'l'l\NCE 

RATINGS FOR FROZE:-.l At\10 FRE8ZE DRIED SIIRIHP 

SAMPLES FOR NINE TES'riNG PERIODS 

l'csting Sum of Degrees Me.:1n 
Per·iods squar('~ f rcnd{'[O sqllill""" F-v.1 luc * 

1 
De tween 30 . 15 l 30 . 15 

13. 99 
Nithin 5 1. 69 24 2 . 15 
Total 8 1. 8•1 25 

2 
Bet\-Jeen tl4. ·1 G 1 1 cl . lo 

23.75 
Within •14 . 9 2 2 ,, I. H7 

Total 89 . 38 7.5 

3 
Between 19.85 l ·19. R5 

2 7. l9 

\vi thin tll\ . 00 2·1 1. OJ 

'l'otal 9 3 . 8.) 25 

4 sn . so Bc t\\·ee n 58 . 50 1. 
23 • .34 

Within GO . L5 2 ·} .L!) 1 

'l'ota l l.l~.GS ?.5 

5 
55 . 5 ~ 

BE' tween s 5. 5 l 1 
2./ . "11 

\vi.. thin I! 8 . () Q 24 2 . 00 

l 'l'o tul 10 1 . :... 1 25 
-

*P < 0 . 01 
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TABLE VI (Contin'lec.l) 

ANALYSES OF VARIANCE FOR OVEf~LL ACCEPTANCE 

RATINGS FOR FRO?:EN Al.\JO FREEZE DRIED SIII~U1P 

SM1PLES FOR NINE 'fESTING PERIODS 

Testing Sum of OC<J'LCCS i'tcnn 
Periods squ.:1res fn'edom square F-villttc Jr 

6 
Between 58.50 l 58 . !10 

1'1. 09 
W.i. i:hin 31 . 85 2-1 l. jJ 

Total 9 0. ~ 5 2S 

7 
Bct\ve' ... m 52.65 J 52 . GS 

20 , 1)0 

;'Ji thin 60. \G 2·1 ?. . S2 

'!'otal 103. 1..1 ~~ ,__ 

8 
l3etwcr~n 4] . BR l ·ll . ~:a 

l7 . 02 

~Iii thin ~)9 . ')8 2• :~ • 16 

Total 1()1).96 :?. ,. .:.> 

c _, 
'l'l.65 

Eebvt~r:m 52.6S 1 
23. •10 

N i.th,;._n 5 •1. !)0 ~ \ 2 . :!5 

Total lll6 • .J5 2') 

-
*P <. 0 . 01 
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The signi.ficantl y lower scores for the• tree?.l' dri e d 

produc t indica te d f u = ther that dcgradat1.' <ln -'1 1 t uoe::.; t:e::: u 

f rom the lyophiliza tio n of shrimp . Figure 5 indicates 

the comparison by mean s~ores for each product at each 

s essi o n as to overall acc~p tancu . 

l\Nl\I.YSES OF OBJI:C'I'IVE 'l'ES'l'l !!G 

V:1ri o u s oh j e <; tivn cva. lu.'l tiorw wet:•~ llklllc in an c ( f o r· t 

'co <lnt0rminc Lhe [ Qc1.ors rontri~Hitinq to the unclc•sir·ubl o 

chang~s rc~ ulling from the lyophJ li~dlion of cooked ~hrimp . 

A microbio l og i c<l l survey of the qro\:U1 pot<..•ntiul of ccrta.in 

pathog~nic ' i. croorg.:misms ·.;as i'1cludcd . 1\ pj q1 ·n t los!; 

e·.J.l lu<~tion ·:c1:.; made both ."'1~ to t.hc amo·mL c.f extr<.~c:.nble 

pigmen t <lnd the Jcgrec of change in liqh t rc f lcctnn';" . 

'Icnde t·ncss w~s ~; t• .. a l i.cd in ,·c 1 at:iu;~ hl pro tcin md 

h yd ·o:.;p ro 1 inc ·.vi thin ~arnpl~s of t i.!;! LtC of the fro~cn 

and f ree ze th:ic d .. hti.cnp and a l~;o uit:.hin ··amt,>les or ti!:i!.;tlC 

f o llowi ng ir.:t~t .i.. onc.ltioll . Sar<.:ol?l,tslllic: pr·otoin \o~.:w cxlrctcted 

wi Lh a l o ,.; il)I\i.c r;t:r-,_•rhJLil uuffe>r· .md my,) ibrillar prot<'ins 

Prote.i..n s extr...lctc1blc \oJi.th a hi<;1l ionic slr r.Jth bnffer 

(pH 3 . 7S ) \.;ere extracl.cd to r:omp •rc th<· •ffcct of lyophi-

lizati.on on protein solubility . Prot J. nd llydroxyprol ine 

values we r e determined for each fraction . 
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Th~ total moisture. cont0nt a.nll pecc~ntaCJC oJ: prc!.is fluid 

lost under given conditjons \·:ere invcstigc.1ted . 'l'h~ 

r e l ationship of ''bound 11 ..1nd "frc·~ 11 \-1,\tcr. w .. 1!.i consi.dcred 

r e la t i ve to the organoleptic factor of juiciness . 

HI CROll TO LOG ICi\I., ru;:s ur:rs 

Since freeze drying docs not dcp 'nd on ~•tctilizntion 

but rathet· Llpo n a l ow moi.stun' t;ont;('!l\t Cor~ the att.·dnment 

of an apprccLJblc r.:ho.:!lf life , 11c mic;l.'obiologi.cdJ. a~pects 

of t his proc0~;s an! of consldr·rublc impor.LII\cc . '!'hi::: 

diss~rt.:ttio'l r:cpor·tG .:m invcstil)atiou i.nlo the 1·0. ·every of 

c -... .,.. ta i.n pa tho<;cnic microorq~m i~·:ts f1·om s p lcs of Crozcn 

cookcll .;hrimp t:md frct..ZL. dtic·d cookl'd .• ll:ri.mp obtai:-: d 1 rem 

the same p.coc.cssj ng "butch 11
• ~~-hy lo occus durc>us and 

" ft>cnl en terccocc i." h nve i>c~'n ~•h ·M:• to bl' n \ tut-.11 con-

tc:tr:ti nan tr; in :-;omG frt..:e7.C dried rooac; ; th 'r ·fort..! , recove r·1 

count-.s of thc•:;;c cro,mis'l'ls • . .,rerc l.nv<.'s: iv L d in thj.; study . 

Po~ntivc l dt'nl;i fic~ltion o( <1 p .t.1ocrc::nit: ~;train of staphylococci 

\'las ar;<..:ompli!.ihcd by me• ms cf ir 'nol.o;icc.ll l. •sts CoL· coaqutc1sc-

positive orgDnisms . 'J'o t.11 ae r.oi.J i c pI a tc ~oun ts .·It> rc a lr.o 

ffiddc on frozen and rchydrilted f "'CZ • ld I ~;hrimp samples. 

Samples ot 5 gm of cDch t~ i-' • o( .• hci P uerl' blended 

with /.5 ml of ~;tcrLlc ,.,,,t~ ·. For pl1tinq purposC's, 

dilutions of 1 :10.: 1:100; and 1:1,00') \, ·• 

sterile l;Onditi.ons \':it:1 both fro..: •n md hyJrc.1 t 1 freeze 



dried shri:np m~ ... xtures . 'rh c procedures f•)r microbio l og ical 

~alysis were carried out in triplic~te . 'rce •~c d:r ied 

shrimp samples \</e re rehytlr.:tte d in ~;terilc <.listLlll!d h'« tl"r. 

Total aerobic plate counts were maJc in trypticQSC 

soy agar snppl.cmcntcd with 0 . 5 per cent yeas t extrac t . 

Plates \'l~rc incul.Hltc d at 37° C . and \.;tcre counted .tftcr ·18 

90 

hours . Plate counts \~·~rc based on tiLe or.it;innl r; !Jm sheimp 

in 25 ml sterile water. Serial dilutions did not produc0 

grm1th of countable co l onies L1 t.IL•' stdl i.ntit::ctlly valid 

range . Mc-.m ~ of the to ta 1 plat • c;o~n ts bclsetl on c;n leu lations 

from the dil11 tion$ for the frozen and frcc::c dr i• d samp l es 

\'le re as follm<~s : 

S-1mplc --·-- cc ll iu·imp 

Frozen 
E'rcczc tlri•:!c.l 

'l'hc l:otul f?lutc ...:ount for t.hc J.ro · n ~ .. pl 

tlun the tot.l.l p1.1to ,;otmt for the fre ·~c dri •cl r. rrplt!~J . 

These resuV·~; r.;on.f•jrrn •.v i th co. p .. 1ri;,on i of dri cl and non-

freeze dri£>d s lu:iqp by vthc.r re::>ccJcch .;ork rs (9.>) . 

" Fecal entcrococ<.:i " here cnumcratPd aft.-.r gro·1th on 

· , · J"l.L. :;uots of l. 0 1 of c ch of the V.Lo.~..c t red 'H.lc aq.:t r . ~~ "! 

three dilution~· of both ..:roz~n and fre • l.c i •d a! pl s 



wer•; pipetted into stcrj lc petri pl. .. tcs and the violet· red 

bile agar medium was added . After i.nc·tbation at 37° c . 

for 24 hours on this medium the coliform colo,1jcs, it 

present , a1.c purplish-red surrounde~.l by a rcdciish zone 

of p recipitated bile . No such colon i.l'S appCc\rcrl on 

pl a tes of either f.cozen or freezt~ dried shrimp at ~my 

of the th:r.cc c.lil.ution levels tr~stcd . [n ord•" r to crOHH 

ch.cck for the presence o t coliform~;, the s .. lm•"' proct-.durc 

'''as r't~peaLed using eosin methylene hi ue (1-:itB) .:HJ.tl . On 

E~D agar , coli -o%rn coloni es ~pp~ar a~ fluorescent gzecn 

t.:olo.d.f!s . ·rhcrc Here no positiV<' pl.'ltC!> loL· cithct 

lypc o.t shr.imp at uny of tlte thr~c dilution lt'VCl~ aftt'r 

4 8 ho;.trs iJH'llbol t i.on ~ t 3 70 l • '1 '1 • ~a plC' .• of .;lu: i p 

con tr;mi.na tion . 

Coagulw;c-positi.va staphylococci \:ere dctC?ctcd in the 

fro7.cn f'h.rirnp !;c:t~ pl..,::> ...tt the 1: I) diLution in two ?f the 

thrc0. samples bu l: no co<-t'JLLlase-pos i . t.:Lv~ titaphy l ocot:ci 

were r~covcred f~om ti~c Erc~z0. dri0d G3mpl~~ . Trypticdsc 

SO} brof:h \'!Lth lL.O per cent sodium chJor~d W<lS the groHth 

medium us.~d for. s taphy lococ~ ~~l-~ d·~t:er in 1 tions . --------
Fh·c tube.:; or c Jclt cH Luti.on ,.,.:1s L10Ct;lutcd . 1\ ter 2•; 

hours, egg yolk agar pl1ces w~r~ str~ ke 1 ~ith LurbiJ 

broth Er01:1 the t.ryptic~~~c soy bl"oth ~di Colonies 

91 



of Staphy lococcus a u r eus 1 if prescr t 1 ppe :.r:: in '"' ha ' o 

formation tha t is c i ther pigmen t~d or unpigml:!n t:crL 

Organisms producin g halo formations on egg yolk aqc1r 

were s ubjected t o the co~gulase test . Trypticnsc soy 

9 2 

!:>roth in t e st tubes ·,-J :'.S inoculate d \li Lh pr~!:UtOC-..1 $ t&plcy lococcu~ 

like oryanisms as b ased on c.;o ..!.ony utot:plto I OCJY .. 1nd ,, 110\'t<'d 

to inc:u!Ja·te at: J 7° C . tor 2. 4 hours . Rcconz ti ~.u t:cci 

coagula se pl.,.3mH from rc1blJits WdS d i s!?t n•,t..!d in~.:o su1<1. ll 

r.e st tub es i n t he umount o[ 0 . S z.tJ • 

pla s ma a J r op u f a vt>ry c..;liJuJy i..r.utit Clo li .UL'<! w,., <; cvlJrod 

cnnpurcd wi\.n cont.r.ol tub•s c::_m._,,ini.!.IJ : ... rnl\:n co ~-:Jlilasc-

s 1.cci nc1 l u t..c~ t v.l: 30 m Lnutc .i nt-.·~rv .. \ 1 s for a t-ot at of th rcc ---·- --
'lours . 'I'he pn~~H.'ncc of 1nd the cxt:C'nt o c·lot:.Li'lJ con -

st i. Lu te d t he b.\si s for Lhe sc:ori nq of til~ dc,;r ·c of the 

:oaCJulu.se- poui l.i.vc rcac t ion . T1ld •s VIl ,me.! V !I I shou 

t he D•ogrcssi.on nf st:n.phylorocci prc!nunptjve and co1gu lnsc-

pusi t.i ve idcn tification t.:.c:; ts. 

1'he ft:ee:?.c d-r-ied samples did 1~ot incHc1t~ the prc!>•-ncc 

of ,;: .()nttwgen i_c coagulilsc·-posit·ivc staphylococcus j n <m;.t 

of the: thrnc s..1mpl(.!S tested . OJ: the thr 5anr1cs of frozen 

shrimp , ~10 r eacted positively to tl1c dntiscrd for coagulase-

positive £>ilt"hoCJcns . 'l'hc fro:.:cn ::; :~ lplcs , ho\.;c e-r, \\"ere not 

obtained from ~1 normal proc(';s~ng flo ... · 9c.1. l"'t"n . -·hrtmp 



T!illLE VII 

S'l'A?HYLOCOCCUS PRESU~1PTI\i"E ~:0 COAGULASE- POSITIVE 

IDEI:>!'riFIC~TION TESTS ON :!?ROZZN SHRI~!P SJI.MPI.ES 

Experi - D~scription of Repl ications Descrip tion o f 
me::. 'C.~::.. Frccecure - !I III reacti on ~ 

~tep 

1 I m..,...,. ..... ~- '-~c- s .. · 30~· -/5** 2/5 1/5 Turbi dity a!'ld/or 
b::c r.l :t.r.~)C'.lL1 t(.!d SCllm formation 
··:i th s~!":.np dilu-
tion~ 1 : J 0 * 

I 2 Jr.ocu:at:ed f·-o~ . ~ E.~lo::; Halo:. Eal() fo!:7.'.alions , •• c..; 

(:) tc egg yoll: c;ra·..;t± 
I 

!lOt. pignen 1:-ed 
.:..gar p:atcs 

I 3 T:::ypt i Cc2ZC ~C'y Slig::-.t Clouc~y Cloudy ClouC:ing and 
bro'h inoculated c 2.o:Jd:..ng btA ttor.s =. ... t. tor:s !orrr;c::.tion of 
-.·ow (~ I _, 

I buttor.s 

' l:.t.. cons~~ tu ~.!d ~:o Ft:l l Leese , Clot for:nations ... 

I l ; la:; 1a incc~- gro.,.:"..h clot a~l-likc. 
latca frcrn {J) ~ ~ 1 o.. -I 

~- ... 

.; !:ilut:io:u: of 1:100 anc" l : l,fJOC !::howe:: nc g.:cv.- :!1 . 
* * c:-~ly l tt:!)e ou-: of 5 showcc tt:rb ici t::r incica-r.i:H; bacterial growth . 



TADLE VIII 

STP.P r~'LOCOCCUS PRES!JV!)TIVE J\..~D CO?_GtJJ.J~SE- POSITIVE 

::x:-L' r i - D~scriDti0:1 of ~eo 1 i :>ll t i ons nesc:!:'iption of 
IT· C. !" t. 1.] :;>roc....:-::ur..: I L _ Il.I reaction 

:- "".I.. t) 

1 

I 
'J~yp~.:ic~se scy 1/5* k 2/ 5 

I 
1/5 Tt:: rbidity 

b:rot!~ i:-. OCl:!. ,, ::ed 
.. it:: r-"'"' , ... .: -v:- c:1:.:-·~· .. - -·· 
t io~:> l: 10 •): 

2 Inoculc..i:C:C f r.:>:n ::a :!o --- Kn hr.lo fo.tna-
(l) t'J egg yolk ;-ro·:1t.h gr~:' ·t:: l U.ons prese:1t: 
a-.:1- ple. I 

~ .... I 
3 ... r .':. .... ti Ct.l.SC SO'} iJo I ::: 'J --- !'Jo 1 ,'!' c_ou._ tn J , 

b:.o t!"lOCJ at~c gro·:t' 
I 'J rov; t~ b~tto~- l :.ke !"! no 

rc ... ~ ( 2) for.na:::..\~!"!5 

4 co. -. ; - c: t- ~:v --- ~0 
_, ......... . <.;, \.- • . .. ..__v._ 

?1.. ... a ir. c cu-
I 

gr ~·,. t~ g:::-... \-ii:!"! fnr..~a::i ~·:-,s 
1 "\b··1 ,-:rom ( 3) 

"'Dilutions of 1 :100 .:.r.d 1:1 , 000 :-;~.f'tvca ::c gro·.v.;~ . 
~* Or.ly l t 1be C•'.lt o: '5 shc·.·:·~c'! tu!"bic~.:y i!"ld!.::.:lti::: oact e::::- i a l gror,1th . 
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Sc.unples use d in the s ludy v:e.rc r.c:uovccl :Crom freeze t r uy !; 

by hand a>1.d we r e pl 1.cc:l i nto pl,tstic bugs ~·;h.ich \·:~re 

twi.s ted and tie d . The proc~ss Lng plant from \'lhich sumpl c!l 

were ob taincd was not. er:tuippcd fo c the :~ted le pttckttg i ng 

of frozen foo us . The shrimp source wa~ n rlant whose 

operation \'l a s devo t .::!d exclusively to the freeze drying 

of food material. 

so that b a cteri a l cont .. unination \Hlti at ~ mialmum, the 

da ta from shril-1p samples in.dir.:dtcd that. (ewer wi"·ro0rganisms 

\Jere recoverable f1:om t·hc free..:~ d1 icc! lhan fn1tn the 

fro~:en s h r .i mp scunple~;. 'l'ilc lov/ h•v 'l of 1 10iR t 1 t"L' of 

s eems to pt·ovide t<Jo q ~~·~<'~ t a s t rcsn fot b 1c.;t.c r. i.tl surv i v , l. 

COLOR ,\NA.LY:SI:S 

The t"ed pig·nenl: (astoxanth in) -..r1s • xtt"cl(;t~'d from shrirr.p 

\vi. th a cetone an rl .... ,d~> (1\tdnl:i t tl.:t'd -1pcr·l rophol o:n<•l ricall'l as 

descr i bed i.!'l Ch<..lpte::: II!. Both J: t:'O.-:C'n nd r~h. lratcd 

f.ceezc dried shrimp <hlffi£?lCS '.vcre ''· ~orJC •d i. 1 t t iplicdtC. 

'rhc s "u-nt> l ·'~ ,,.1,.!re the ;,,,me ~·:.!i 1 ht to thl fourth 'Ci mal 

~lace : t!t n...: 
of the li Jht abso b..tnclc.:. t.,·cr'-' ca -

cu J uted so thal: on~ charactcristi~ .tbsor.b:mcy c an·c- (or 

et1ch t ytJe :;c1mplc cuuld he clet~rmitHH.1. Fi.yurt. G r;ho·.,s t:hc 

roz<'n 

and fr :t:ze dried slu:imp . 
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The absor{? t i.on m.:txim~ for each. of tht,;! two type:.; of 

5hrimp occurred bet\·lecn <:SO m,..a-and ·160 mi'~ . l\ s~conc.l small 

peilk at 350 n} Cc- \·las also prescn tecl for both frozen and 

freeze dried !:i<lmples . '~o infounation as to th•! idcntit.y 

of the componc>n t c«using this peak could be found in 

the liter.:2ture . 

•rhe purpose of ex l: r:act i.ng th1! ld.CJm~n t ~:.w I o 

ut.i.lize a quunLitaLive l(!~;;t for: th(• color !,"'):.;•> that t:akcn 

place during storage . r f co lor l.o·;~; i~~ cl!l O:< id · i VC 

chan ge , rncasurcm~'n ts ot cc lo:.· lor.s slh'"lnld l"l ovid • an 

.i.ndt:x oJ: the amo•m t of o:d d<l t Lon h.w ing L 1kc•n pI ac(• . 

Oxidali·.t~ dcgr-::.daLion i.:.; thought to b~ r t m ... ibl ~ for 

lch·or.ed pr.odnc;t tlCC ~pt_ahi lity . 

Color rcflect:ance ot chopp ~ct .md [..>Ul'J ri~cd shrimp 

sa=,\pJes \-le.c'' r.cad on clll J\gtron rcflcctnnc• ·p •ctrophoto­

met~r . ·rhc t"i..SJht source i.n thi..; int>ti.·u:-a•n+- c~n b" p.u;ncd 

l:h ruugh one o f th rc f! f: i.llc rs . 

include.: blw:! (lt36 r,1 u~), green (516 n ... t), nd tPd lGiO rna) . 

Tr.1cn ty-fivc gr..:ttll samp~c ... of cho[ £ ' 1 and ~J 1 n 1 d .;hr.i mp 

Here re,ld in each uf th~ color mod•:.; in tn.p1ic,le. 
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V.eans of the thrc...... .... .... c '"' cl ; n'"! 'rt - y • ~- ~ each colo~ n ode ~ro 

sho\'m be lmv : 

SarnJ2lr.! Filter Fr~czc dried Fr oze n 
shrime ch r. imu __ __.._ 

Red mor!P 57 ~ fj 

ChoppE!d GrP -'11 r todc 40 J9 
Dluc mode> 21 2 5 

R~~d mc:<.1c 55 <>6 
Blendt~d Gr0<'ll mode ..tG JO 

Blue t:lC.dC 29 ~3 

The d~ta wcz:~~ cJ.naly zc c! C ll t he b:u;~ ... of t:hc tt·ipl l CLlL • 

::c.,di n<J: f:or the t •.vo l:ypcs of sh:r:irrp in c1ch of th•""' three 

r.olOl- Fl•:'d •s. !1; i s realized Lh..tt lhi ... Hu:tl.>cl o( :t:cpU~.:. tti.on~ 

is in .:l<J•~quate for ~my def i nite \;oa c:Lu ion•; ; hc\/•vcr , d ta 

t!lret:~ J'i10rlc::; for b oth b l e n dc:t and chu., :> •d <;hri. J u'L'P sho\'m 

in Tablcu lX and X. 

Data analys.~~; j udi(:at~c th~ t t.tt.' r <.' .lppcnrl"CI to bo 1 

.L C'"l d5.J: f e:re ncr.! in l i ght.: ~ cL lee t3nC ' tor t oth th • chopped 

<l.l~ hl~ndcd sampl es in the bl..te . oc•• • 'i 1 • t ~ ....: .1. ..t u i E-

ren "ncc in the lignt ref lcct...mce l ct. •• \ t 1c .... o .en and 

tret!ze dr1· · " 1 1 · mn i. n t:h .. blc tdc<.! !> ·>lt• .• canned in the ._ .JlT.'l L . t:: 

red MO(.le .0ut. no d i f -crcnce o~ re~ l~>ct . c..:- 'To· in h.cdtca 1.0r 

t he cnopp0 c~ s u.mp l .:- . 'l'h~ blue ::totle \· .. L ; pre• rr"' .. tor 

qua l i t~: r.:on t.rol cv.:tl• .c i.on 0~ ,..co~~cd I . P • c.•V• -· 
l e nc_rtb. for i: ~e b lue 1 ,ode ( ·13 ( y4 is ;i . n t.1C :_u·<.: o:. g::-cate...;t 



TABLF. IX 

AJ.'lALYS!:S OF VA!Ut\1/CE I~l I.IGH'l' !lliFLECTANCE 01:"' 

CHOPPED SANPLI.::S Of' FHOZEN AND FRCI::XE DlUF.D SUIHNP 

AS INDICNrBD BY i\GTHm/ COLO!~ MODE!; 

Color Sum of Dr~gre~s Ncnn 
Hodc squclrc•.: freedom !i(! l li.l ["(;.' 

Rerl ~1ocJc 
BeU·lCCn /.0 . 17 1 20 . l7 

\•Ji Ul.in 26 . 67 ..t G. 67 
Totnl t16 . 84 3 

Green :•od~ 
3n !..'•·'<~e:\ :~ • c; 7 1 ~ . b 7 

Pi~ lin L r 7 4 1.17 
Totul 7 . 3 l 5 

Blue 11ccle 
:1.0 . 17 de L\-.'C0n ... ~0.17 1 

~'lith i.n C . G 7 •l 0 . 17 
'l'o t:c~.l ~i) . ! l 5 __ ..___ ------

* Uot ~ntJni.fLc.:.mt 
** P <O . Ol 

F-vlllue 

.3.0 3* 

2 . 29* 

120.9°** 

99 



Ti\BLE X 

l\.NALYSES OF VARIANCE IN LIGHT REFLECT/\NrE OF 

BLENDED SAl"iPLES OF FROZEN AND FR.Et::ZF: DlUI::D SllHIHP 

AS INDICATED BY t\G'I'RON COLOR l·:OIJE.3 

I 

Color 
Mode 

Red Mod-= 

Bel:w~en 

Wi tl"..i.n 
Totul 

\Vi. th i.n 
'J'fll: a 1. 

Bl ue l•loc1c 

tit t:ll in 
'J.ot.:.a l 

·'---

Sum of 
squares 

181.50 

57 . 33 
283 . 83 

24 . 00 

38 . 00 
£i2.00 

112 . 6 7 

28.67 
1 '11. 3 11 

-
* Not si~nificant 

1
"' P< o.oi 

Ik'grces Ncan 
F'r·.'cdom sq u.:tr=c --

l l8L50 

4 1 tl • 3 3 
5 

1 ?.•t.OO 

•l 9.50 
5 

l 1. l2. G 7 

4 7 . 17 
5 

I ----·-

.----

F-value 

12 . 66 * tr 

2 .5J* 

l5 . 7'2.*' 

100 



10 J. 

absorbancy ( 450 n~to 460 m.,~'") of the astax~nthin extr~H:ted 

as previously shown in Figure 5 . 'l'he usc of t:i.•' \g tron us 

a l ess costly Lns b:urr1en t .-han the spectrophotometer and. 

a less t.:L.m.;: cons rt.lling pro .:.:cdurc, i:.; hi.:;h ly i nnicil tl!cl l.O r 

quaJ. ity con·t;::-ol ase , if furt:!::.cr testing \ili-!-.h c1 larger nur.tocr 

of s ampl0s inciicu.tcs that th0. ..i.l'~;ul Ls · . .;ill l:l!main con!; is l.:N~ t . 

Data a n alysis of the or<rano1cpLic cvnlu.d:ion of 

diffe r e nces in appearance, fluvot, Jllicitws ;, oftncs~ to 

tooth , softness to tongue ,--:nd check ...tn<l f:rarm\'i1t.,tio n 

i n dica. ted that the only dif terence tit<l t •.vd:-; :; i rn i.t:ir.;.tn 1: \oJcJS 

for one fac.: ·tor , antl tiFlt f.1~to1· t . cl::> ilpf'•~clr .. H1cc . '!'he di.ffcn"ncc 

in colo r w1.s the c.:ontrjbttti.n•r fv.:tot· mc•nlion ·d most 11 qu,.ntly 

by t he panel mcl'l'.Lt!J"S . 

07erall Mcccptancy r~ting . The obi"'•.:Livc d.1tc1 for ptrJmcnt: 

an::lJ.ysis and tlv.> sub j0ctLve cv ... lluution of color wen• in 

agreement in that loAs of color rc~ulls in l lPss d~s1rable 

p::.oduct . Both the object L ve ancl . .;uL JCC.:ti v~ cv,l l'lcl t.i.onu 

indicntcd thi s loss of color occurs Ln t:.1c r· ·t•.;c dr.it:;tl 

shJ:"imp :.~am[)lcs . 

~NALYSIS OF D~TA () 

The dcnc:ttnratio'l of i.'rotcins is r: .• ponsib lc for 

change:> .Ln tcnt.lc•rness itt .;pcclficd t:ookcd oods <lS c a.red 

to t.hc same food in dn unc;ooked _foL1 • 'l'hi...; sLudy in" stigatcd 

only -::1:-• .::mges rt..•!.;ulting f:n;:-.1 tili~=- l·.ophili.:o;~ti.on of cooi~ecl 

shrimp . t\ ch.:mgc in tcn·1 ... •.-nt..!ss a.; 1 resu j L o!- lyophi.lh::~Lion 
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~1as shovm by the highly s 1~·nif' ic .. nt t-va!uc~ h: t h p.ce ­

ferential 1.ating cvu..lution l:e~; l·s . :\.n acc::CL>tcC: me 1 hod u!;c(.l 

by food tt~chnologists fur tll"!:ctru .. ning rcl.d .... iv·· tcndt"'!!:"lh'Ss 

i .. s a type of ~ha.-u·i ng de v-ice . 

cr.1ployPd in Lhi::; st-udy i....o \.!ctcnr.in(· the pountlfi i"Jf p t·~..:ssttt· ·~ 

needed to slwar the fibr~rs of th<." shrimp . 

tolc r,1n cc . 

as shown be lo·r~ : 

Sh r ir,ip 
Sc.:an 1~ 

Frce?.e cl:t j eel 

Froz'""n 

** r.:...c., 0. 01 --· ----

Lica.1 

n7 . )7 

6') . 5/ 

'it .tc', ·c 
t'~vj tl.i•) l 

7 . 57 

5 . 1.9 

t - v h.:' 

c1 • r· ·- ... 1 ' dc•d to ·h•••ll"' 1 10 crrl 'l'h~' il.l/l' rrl~JI! pC tl Ul . .:; :) I • I '-' :J 

sample <..lf fn . .:~·?.·-· cll:j e d •;'n· .. i np \'I,Hi 37 . '37 w:1i ·~., n r r! n fore•! 

of 69 . ~; 7 pound:.; cot tl d slv· tr th · fr·,··cn s 

Figure 7. 'T'he :-iiqn ifi.. cnnt ,y 

t '- 1 J.·n .igJ""Crl·nt • :.·11 the !;1pifi-
· ~c-- freeze d!7i cd ..; ~r::p e·.;; \lc'\S 

c·a;,tly lmTcr pt"crcrenti.:-1 ratin; 

o r:g no l '? t i.t; cv ·" lua tior. c f t..ende> 

1.. . J or. t ...... ncie'::'!"'o€! . .:; r . tnt:: os~; l .. 
con 1 d l.e " t lt vi I 1 t t.:H.: 
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freeze d ried product Houle. like ly be a mere .. lCC•"P f..:ablc 

substi tutc for i"ro~cn s!tr-i.rr.p . 

Protein Corr r 11:- i -;on 

The <' f fect· of lycphiJi:-:<1ticn on the rnolein~ of 

shrimp c.::au s in'] a l es!3 tcnC:I.~r product ;: c.t~; <1 r ~ ctor of 

interest in t h i.s Gt ucly. 'rhe lfl'icln U tal: .i VC pr•"St!nCC OL 

outUnc d i n Chdpb!r III . 

The 11.e2ns of ti"tc o .. > t:i C<tl (1.-•n.;i ty 1:ca · tn"-'s £or the 

Diurot-. Tests HCl:C 0 . Or. l fox: fro<. n .. 1nd f' . C 0 ''or fl• "'..: ' 

dried nhrimp a::; c;c"nparc..l to .:l s • 1. d .. r t c 

gnve <m opt i <: .1L dcnGi.ty r.!rdinc t')~ O . O;,)!L 

i ndi c0tc t:1c .'i!I10ill1 t: of ;H·ctcin cr 

. . . 

'f) • ' I 11 hi c'l 

:1 '. , ~ • • 1l ts 

i • . in the 

1 '!; tit l L .r -

i I ~{ ( 

10 4 

· · · L' , ' r l'"' c 1 Co&.ae cti\•c t:i nsue • '1.L.H:1 -
J. ., J,t i t0rtant 

'oll ~~ .. ~ tl.c ,..,., "'t1 lt.cn t 

r. • t . "5.... c, ,,._ •• • 
o.: com~cctiw~ tissue thn l.S '"· • '"' 

index of t cndcrnf.'!ss . 'I'hc ( u..!nt 1 t tiv~..: in~tio'l of' 
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ducted on des ·ic..::.tc<l Su:'i!?l~s of fr~E:=~c dried and rro:·ca 

shrimp . 

~lo confi.nncd cvidc:1cc \v.:ts fonnd in the lit:.r•raturc us 

to the fact.or for con•JcJ·t i ng h~'·:l!.-o:·:yprolinc to c;ollagl.!n 

.i.'1 fi:>h or sl1r i.np . A ~- \Clot· of. 7.25 \.,.c i S ll'iC'o hr <'o 1 1, Br.:ly 

tlnd Hocks tr... ( 4 J) in the COti'JI.!r.sion of h.y irc.::ynJ·o U l\l;! 

;tucy of 

r i.. J 

'l'lv"' t·roc.-.sllc r.: t:.cc~ud•il!C! (1 <O) , · ·:; c.:u: '·c out or U1c 

.:lc ::.~rr.1 j nn tion of h -.•rl ro;..' P~ o li:-:r- It:; in 1 0 · J 0 r:rm c [ 
-' I -

:· i · t ~a 

.,ndt!t) or 

rUCJc sl:.i.on in 1.0 'il l of -::cmccnl·r!t· rLd , 

)!' 0 1. 

frc zcn and f l '""7C: ciri"'c! .::;anolc~ . Tul l. f' 

II r. 

"'""'- · 1 • · ..:1 • 'f'~ .•• • ro · ""Il ..... 1· .. ~c~ c ... ns 1.l:y t:P , .. .! 11 ; • 
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an averaqc of 5 . 3 ,ug of hydroxypro line . Tl'e •w• .. tn~ Cor 

the optica l dc-nsi tics rcud at 55 7 nyu ,, !t"C u~ fo 1 lo\.,::; : 

s tandard ( 40 mq/ml) - 0. 2 35 : frozen srun~Jlcs - 0 . 3 73; and 

f r eeze dried samples- 0 . 418 . 

'l\vo possible factors could .Jccollnt foe the grc 1ter 

amount o f hydroxyproline r('covcr}' in £ rcez, .. dri •d &amp l c:; . 

The higher concentrations of "hyd.r:o:-:vpcol inc " in the 

f r eeze d ried snmp l es may b (! the r0.s~t l I. of th•• pttJducU.on 

of a p- atninobcn:ldldehyt1c rec1cti vc b r.cakJown produf..;t dUJ:i tHJ 

the l yophili7.alion J?roccss . 

needed to dctcr•ni.nc ~11\} chcrr.Lcal natliL"l.! of: thi.s produet . 

~ntraceJ.lu lur J:rotein 

The ::rcl.~tionship of curl:uin i.ntr 1c; ·llul1r prot •in 

character.i.sU cs t-o the t•"'ndcrncs~; t "ct PL" in ro1. n :md 

freeze dried shri~p was inv~stisa~rd . 

(t.\.,o cxtr:-tcl"i.on:::: , f.o r on•"' hour each) . :.tyo dbrillar 

protein was e:<l:rar..;tcd (rem the rc.~.i.cl•' \..rLLh rr1iu.1 hylroxidc . 

hoLcins c~ tt·actalJ le v1i th a '1igh ion 

a lso determined . F igurn 8 sho\v.> th"' schcn or he qu m-

titative dct~rminntion of scu:coplu ·lie p.t:otein:-. c.1nd t:otll 

f ibrillar protein"> as di..;cusscd inCh pteL IJ1. 
Fj urc 9 

schemati<.:ally illustrates the extra ion · d tr • tor 

Proteins c:-:tr<lct«l>l.c -:.·tith a hic:h ionic ..,tr•n 
' buffer . 



') r •:I • hr .i.tnp ~d!I'!ph• b lPlldCd ll\ 
?" ltl ,~)·I b tf~CJ (pll 7 . 6) I· 
JO r••l rP.S•' Hl th same buffer 

after 1 hour 
c.•nlri fuaed 
1 S rr i.nu ~.;.;:; 

10 7 

Rc .0'0 i. c'lllt~ nt. 
li.l ~ n1 l PoJ 1 l? u f f <.' r 
<.dthJd ,·md t.tt xed , 
•..:c•.lt:r.i fur::·~<.! ror 
15 : 1in u tc~; 

FldPd 200 ;l ,) . 1 ' ''I 011, 
HII~.,Hed to ;t.:;"l ov•rniqht, 
f:'i ltcred t:1r•::n.<<.;:1 g,tu":·~ 

l'i ltr 11·: :\ 

I<'~ 1 t C' l:c o s • ,. ·n I h 

r---------1.------. 
ali<<llinc no 1 ·1 d.n,1 , ,l .. <lj n; nq 
inso1L1b1c Lo_,_.l t:•hri.ll~:: ~r~t .in 
rna l.e r i a l, 
connecti vc 
tiss u,~ 

fo'igurc 8 

:":iCHE IE FOP. 'i''l :: QUt.;:·,'I'f' 7--r-.;c; I'· . '! r: \', r 'IN 



5 CJ~ shrir.1p saml-ilC hlcnccd in 
70 rnl sodiwn chloridc-c~rbonate 
1 f·c c h • • · • .JU ..... er 0:.. l~a\ ~Onll:: ::;t;rc.tgth 
{pii 8 . 75) + JO tnl rins(• with 
sane buffer 

100 tl or al:c:vc :;od:ill.l 
c-'~ ' ~r.j 1c-(: rrb•'Jn lt•~ 'n•Ef~c .... r 
·.cl.L.1 ~mel "li.XP•l , after I. 
Leu t' I C:~ll tt i fuycd rc.,J" 
I !i lil i n •: I E! s 

.1ft.cr 1 hcm,­
,-cn tri f•1qe•<..l 
l .::i minuLa~; 

~ up0 r:t.\ tan f.: 
y 

108 

S0l ll 1on cent •lining 
urot Lns ... ti tl a 
;cllll i lily in a 
h: h i 1n i <..: .. l r n 1 th 
IJ t: ' f • . 

r.)'OLU.t'L'. r·,.· l\ aU":F"":R OF Uf' PHO'i'~!~~~; 

~ilG'i IO.!!C ,.} "'P..E~G'1'11 
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Only lhe s upr~r.na t.:m t e;.:tructions inaicntcd n.; 11 0" 

in Figure U and as "Y " in Fi9ure 9 t!crc utilized fo r 

further rcportin0 bccnuse total cxt::·action •:olumcs 

diluted p rotein .:utd h:rdrox~'proli:1c to ·;uch an extent that 

valiu Oj..)tical dcn ... i ty -::-c<tdi ng::.; t·'erc not i'O~siblc using 

!:>uper.natcml:~ 11 A 11 and '' E '' . The some extraction lev'l$ 

i ;ere compared for bo t'1 1'nnf'n and frc0zc c!r 1 cd r.>hri mp 

sarnploo . 

on e~crt oi th'~ thruc prot-.cjn frr1ctio1s : .>:trcoul<.lsnic , 

•s • .:. J d 

'.:sjng the 'olin t'ioc:t.ltcu rc~fJE'nt u; ( scri r rrt. 

1 of Lis u 

--------
Shri mp 
3'ilr!lplc s 

Proteins 
LC 

o•t • l·tblc 
.. ~ [!!. 

.E'rozen 0 . 10 0 . l6 0 . 12 

o.on 0 . 67 0 . 18 

The lyophi li...:a ti0:1 pi.'t C.;}.ciS C.1 
d Uh' .., 1 ilit~, of 

t
• ~f..,r u cl nt!i .• t .. r.y. r-

pr.ot •in~ in tit€· e·:tractc.I. '! ~ ., 

frozen sh.!:imp sat•) Lc in(~icnt 'd a .. 1 
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solubi l i t y {pH 7. 6 0 ) 'Jf i n traC!:" llular protc in!.> , both 

sarcG!J lasmi c a n d fibri ll<lr, than did the freeze dried 

SaP.l: l c . A slig htly g r eater w'TIOU:lt of snrcop l asrnic p1:otc in 

;vas ex t r ac·i:ed Hi t h t h0. p'1c~pi1 at:e buffer of 1' \.' ionic 

str~ngth f rom t he f r ozen sa ~lt' tl an fro!'l thC! frc•• · dried . 

cxtr,., c t a blo f .i briJ l o t: pro t ein th.:m d i d t:il" s.:u'le Lt" ct:ion •.·lh~n 

car r i e d ottt ,.,i Lh f:ro~:t~n !;ln:imp !;dmplt' ; . t\'i.th the lli·Jh ionic 

lc.·. Th~" 

h" bend•; 

th.:t t-. :1rc ciuC! i.o elect ·o :tol:j c i 1t r c·t i.<' 1 l •l 1 •••n t t .. 1r 

m·,.- I - d I ·.·ccr r·ty , ., '.t-:icr .,, • · ·~ ..... , •. 0 wn~; J:oun J':l u 
r;o·1 (~') 

;• ·illclt" 

P~o':<::i ll. 'C'h c p:t:opo r· Li or1 of t.i1~'5L' t"O • ionc '.l .J.l ·o 

L r c 

... rc i . •" 1 u tiOil"'.lip 

· · f'' .; ll,t 1 ··o' in nd t .clc of sar:cvpl.c .. s';lnc protct.n to ~.H... • -

the 
aci:Lvi ty . 

t rnc~~::: . 

r r. in :.. rllar 

P 
. l .... t ., ' rn '!'; • r otcut ro:;u.l t•; .!.ll oJ."" 1 .. ~ --=· 

in .. f. 
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In the present s tucly org~H\olcp tic:.: cvc1l Hell. ion of 

~nderness indicated that the frozen shrimp samples wer~ 

significantly mnr-.! tender . Ana lyse.; of the protein fractions 

in this study indicated a one to c i Jh ': ratio of !;nrcoplasmic 

protein to fibrill ar protein in c.:>.c:.:h t:.ypc ~amp l•' . 'l'he 

actual values were 0 . 10 mg sat copl.l!;mic to 0 . 86 mCJ f i be i llar 

for the fro~en s.:>.mples and F.or frcc~c dried smtpl.es , 0.08 mCJ/ 

0 . 67 mg . Despj te the similar r0lat ionship bt"t;·lecn the C\'10 

protein fracti OnS 1 <1 distinct tend•'rtlCS!~ <Jj rfcrenCl' W(15 

noted by pnne 1 members . 

Hyat·oxyproli. r.c values were dct•rmi.n""d lor L ch prolci n 

fraction that nad been Jn.:tlyzed qu nli.tntiv' Y or pt )t 

'i.'he proc..!durc u~ ~ c1 ·;a~~ th~" .;ante \·.'o .;snc r.: 

in total hydroxyproline .:m 1 Lyses .. 1:h.l is in 

Chapter. 1II. '!'he microyr .. ms of hydru·.yprolin' Cor l'rlCh 5 mg 

of shrimp tissue i.n each f.r: .. 1ction <:1r.n co. P ll "U hc-10\l : 

---------------· -------------
Shrimp 
sample 

Frozen 

Freeze t1 d.ed 

Pro f:cin~; in ,u<J 
s: 1 n:~or> t.as~t.!...::, F'iln i_l 1 'E. 

l. 57 2.16 

2.21 

------·-----
The [ 1:ee::c dried .;a:.p-cs had CJ t 

T:'' ~rtion :;o ul> tc 
·r a. 1 , 

1.19 

). 16 

1 i ·h.. bsorb mcy 

for c,1ch of. the three nbcv fraction; th r: 
d th• frozen 

h '"''··· tr"'··tublc ['r tcin "'lS 1 ~. although t ..:! .. ..... ...._ 
in the 
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fibrlllur s anplc . The scn·co:;?las;nj c fraction co:1 Laincd a 

higher r.:lt.:.o of hydroxyproliP.e to r,rotci n th:m did the 

fibrillar ex tr.:lct . Tha frf:~cze dr i.od .; amplcs indicated ~' 3 0 

per cent greater ligh·t t:lb..-;nrbancy in h~· droxyprol i nl~ dc­

term.lnations for in trac..:-l.lular prol:cin thrn the.! rc:!cn . 

Recon:::;titu tect frccz€' drict~ .:;h.rimp Wd : "C'd for fril<.:t.: iona-

t.ion rather than dessi<..:nl:cd shrimn t:hid1 \IdS uti li::t"'•d for 

lotnl hydroxprolint" <In l:t..!J'l~l i nt=tl: io11.J . Th<.! f,lct thc~t hydroxy-

drj t~d chrir.~p thnn in thu corrc~; onr1ing fr ::tion~; ~ 

5h;,:i '·) s eem:::; to indi.c..:Zli..c tltat l•·o .lili ~.1.tL n 'o •:.; ,. ult in 

a '::.·(;;.:k~ct·m of some p1:c1tcin ~rdcl i.on thaL lt-C'n· tir-o 1 ight 

clr j eel . 

r ] ' ... :1 .... ntJ..tl''""U fort.""' int. ... l ·11u1ur ~~·nj o;'YlJ l'O .1.ne \/.:\~ .. 4' 

lcin.; "' or 

·· · i. l.r n· in 

• j 1 'ot-• l .,. J'•">.·'/ "':rol :n l'nl t •n l: lnt.l'~1.c,;2.lu la r hyl1ro:<y L>rol .·v" <n< ... · 

r. 

'ti"c:tl co:1 tent of hydrox .. r rt"' U ne in on o . 

·lr-t. I . •n Lr:. .r.:n c«-; il td 
Tit r:e is l'll i •. vc•' ; > l 

l:ic <ll.\')'..ln t of t:onno..:ctivl! I;; !.; s l. ' nt: 

•. 1 ri ..... , 1111 h 

con ::;~.i.:u~c! ti"'•..! lcs sc r , oun t o 
... t 
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was more Lenc1cr thv1 th~ fr.ec>zt• dried .;amplc '3 , ·onta ining 

the greater a.moun ts of: cxt~uctab le h:~droxy proline . 'I'h i ~• 

inverse r clutlonshi9 cppcnrs to be present in shrimp and i~1 

freeze dried shrimp to a greater extent: thdn in rro.:cn shrimo . .. 

Sta ti.'3ticll compur isons on tht~ chf'micn 1 a:•u lyncs were 

not calculi.' ted bcc~use of the l.o· .. , nurilicr of rcplicatJ on~; . 

Analyses o f the qnanti i ~ti ve cc tcrm.Ln. , L0;w f. or p r·ot~.:in nnd 

hydroxyproline t>1cre perform1-~d i.n c1url.i.c.d:c only . 

:l'CI'.'.t\I. nOIS'l'f JH.L AND 

'J '•c relationship~ of the naois ture \/ i. thin t 1v·· ti!>:Jue 

Tn-. possible ~,•ff~ct of ch<.m( c in \-lt:tt.cr 

, l ~ . . .c !JJ.n~r :.:ap.- 1;1 '·y , 

·r·•.lJ·_,l,'tv , 1,_o ... ._(lJ..' r")i:h:rc in toth .:t·o~·~n 
;" =.> ~ d I ( • c;k I ' . .._ J -

" ' 'd ' · 1 •· lt·l.· , r' ·'c•·L·l' ·"':: "'~ n. 1 u. , r.c 'YCj'!;,! t.:.C!<. •· 0.!- · ~ 
• a · l t- a J :11.~ by 

• ~,c .... c nl ccd in 1 q:ing r-ven 
.!c t_tl.·L· dl! tlj U.c .J. '1[ll,'int:e dP..l~ c.-

0 f ... ''•"'-;ch e H.:h 5 •• ["1' ..,-~s .!gain ut. l6n F . ic>"r." l_S hours, a ..... , .. " .... 

tt a h · tr 
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t-test shov:cd th~t the pcrccnt.:l<Je moisture Hi thin he 

sru-nples as c'!ct0.rr~incd by usc of a drying oven did not diff\.!r 

significantly fer fro:::cn .:md frcc2c uricd snmrlcs au shot-:n 

below : 

Shrimp 
sample ----
Freeze dried 

Fto: cn 

71 . 8 

72.9 

Stan<!arcl 
dcvi:ttjon 

0. 979 

0 . 900 

•rot:.:: 1 110 i:::; l ... ~r~ <'!·~tern · nutions for f rc;· ... n r ch· ·rat d 

by a c 

cevt~lopc•t :>y Uw l:lO hili~!ution plant I \l'ni ... hin, 

I · J • "o ., ·:: ,, . 10 lt · of r 1 c t j n ~ 1'!::J.:"n w:::3 f"r.ployct .. u an<; a J <:1 - •• 

.l.OiJ r.t l t~JJ.uc"'ne and distil 1 it~<:.! < ff tht~ o it h 

i r; tt• 

ev.Ld; nc<.::• l bv the 
• t: t'1 • M(, ,. ot tl 

COf~l , .:"l.S0t1 0 • '-
0 th "~s 

of r.c;.i ~tu •:c (•::t.racti.' n as folic .s: 

?'rm.:en /J , I~ 
72. 0 . 5 

----------------·------
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Toluene extra~tions arc cnploycd to detcr~i nc Cka~t 

r.toisture levels of freeze drit1d pro .. :ucts accl r11tcly to les!i 

than one-half of on~ per (;ell t . Dry i ll•J OV<!n llLL· thoc.l!:; 

are accurate only to 2. 0 per cent a~: a rest.:.lt of il smc1 I l 

amount of residual bound vmt cr that is difficult: to 

evapor ate from th0 p1 oduct ( 10} • 

The insignifi.cant di.t f•~ r~~ncc in t:otil l r:'oi·;turc conU•nt 

as cletcrm.ined by the obj•..!ctivc t ·(·~L:. \fil: jn ,,, n· 1 0nl. Hi th 

their observation.: . <..:or.tiTH:nts conc,'rning juir::i n.-.~ · 

tha t little diffc.·cacer; JJl •• :tcllnt of ju'cl.! l l "n t'' ·o.~cn 

. I ,\ 

Lhe froz.cn f>hrjmp \·hw " fl..l•rorful '' \•lli. l e th! juice· ln ht.'! 

t. 1 t":! r tnc 

tlc 

t5.ssut~ . ui~ u:t~ ,, -
. in ·,.. 

at 10 r.d.nni:e in<.crv..;l"' , •1 ' 1 '-' 
t t) Gl' r • • :1 .i.. • t e 

bound and frt-"!C ~vatC'l' . T! , cHl tho r • l t . L" nL.J' 

· 1 1 >= a c 4 \ ~ \ i -h t·10 p 1 1 t~..: • 1 · ; on 
lilOJ.~; t urc extr:::\cb:..:d :ou o .. o1n 

PlJ.t:e~u a t the po.i.n t a:: \1.1icil th ~ 
1 

"~ 'I l.tr,ll-..i.._h d 1 1 .... r'c1 1nol:h1.!r .1t t-he poJ.ll•- 1; 
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The curv~.-, eor bo th the frozen and "rc~7.c dried ~·1."Tlplc5 sho·.,·c d 

a regular patt ~rn of IT'Oi!;iture lev~ l to U te poinl of t ota l 

dess ication . 

A Ca~vcr l~>oratory pre ss wa~ cn~loy~d fo e d de t e r-

nination 01 extract-able press f: luict t hat is con ·idE'rcd by 

some research \·JOrk~ n; (]O •t} t o uc t he f r.cc ~..- .1 ter \-li t h in d 

Ptot1uct. 'l'he cus1:cr.t~lry use of a dye For. ~ampl'· ·xtrncti,m 

Ot; I.t·cc mo:i.st.urc~ v1as •msuccc s :::; ful . 

S•lf.ficicnl:.ly tende r. t lu t p o rti o n s o t th' prod11ct "''~r•! 

rezi cJual :1\il..tc rii'l j nac:curat 8 . 

A method of: p l .:lcin<; 0 . 5 g. o: 

l.• - .:l ] t • "-.. '•le !JL''"'' •'"'!lt'1C:J 0 .. cruet: l·o ~o cntj '-'"' 

ll' 1 • •· .• 1 jnu 

.... di ~c.; 

1., o i 1 < i c;; c.:; 

nJ d · ·c, \.' •rc 

J · tht"r. 

i c .. ly 

- .. • ra ctt 
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freeze dried lha"l f:l:O::'. the r:ro.:en r.h!'"j r:1p a~: indic.:atcd 

belmv : 

Shrimp 
sampl e 

Free ze dried 

Frozen 

i·iC: f\ fi 

42 w 40 

36 . 40 

Stun<lard 
d<"l i,1 tion 

0 . ·00 

0 . 1C)Q 

L-v luc 

1?. . 79 ldl 

The f.:'l cl: t h<1 t .:1 c_rre~t.H' ..tmount of PlN>S lllcl could be 

ti l.d y the 

~t1usc f o.r c:o•1m<;;nts in the Ol J ... nole_ c.; c v.t 1 ·... i n [ rt~1 · 1 · n J 

L._o a ~ , c.ry ,:·.oql:.'\f:eC'l af Lcr dh..:: linn . 

call tld :-; exl:r.u.c::ahlc •Ja'.:,·r U1c..• fr• · .. tl'r i1 .•. 1t: r :H;t . 

fhe re::>.L(.~l\c1l moi::;;t.U1."t''! i:.; tl en c;all d ·m.! \ l . 'fhC' 

author fcr..!l s t!ld t: c.1 r tor A c .. t •n.· L \' ·• I 1/ 

humidity r..:c md.i tion!3 , u;~d tit· ' o cl 

i n f . . j r·p . 

~l giV'"l 

condi tio 1 ; of tt1 i.s i n._r,•:::-:t- i. r t · nn 

f luid i..; •"'Xtl~acl: · !P fro th r ·h~· · 
ri ct . 



CHAPTEt~ V 

COt ll'I...Uta ONS l\ND 

Some o f the f a ctoria l differ~nces t:esultin:r f.rom the 

l yophi l i zation of c ooked ... hrirrp .. ,ere invc..; t:igatcd and were 

re l a t e d to o rganole ptic at;ccptnncc of the f n•cze dri\!<1 

product . The f clct o .rs G tutlie<.~ we~..8 t·hc effect of l','Cphili-

zation on 1) c o Lor ; 2 ) microbiologic.ll r-lor.\ ; 3) t~.:ndl•t:-

ness and tl ) j uiciness . 

Organ ole ptic P V .J. lt w t.Lons of Crozcn coo!:~.•d .;h i P md 

rehydrated frceL:e dr.:.ed cooked slu:iuln '''C'L"c ( htatn~ l by 

tr~ans of diffcrcnc-8 and pr._:fe.ccnc~ to..;tin<J , tJlO~ ' ! l 

?<i.l1C l of lJ t:r;;;incd j ud'3~s . 

husis of a ccu -,~cy and c..:on.;ist0uC/ in .i.cl nt 

levels of ::;ucrO!h-:! , ci cr.i.c acie n.nc .... ocJi 

These judges , fo llo\dng ~ tr,1i.nl11•J l•crior 

(., 1 l 'uti.on.; . 

i ~ . ,, 1 r .L 

ar.d CXJ.h.!l.i c nc.;l.! i.n us i:1g i.: ~E.: te::; t :::orn d .... "i n •d 
.r u.;;•• in 

t his stuc1y , p~t1_· ti ct:)<L·tcd .i.n nix~~~ :; . .:;s ion : 
L tinq . 

At I t · .,.. '1\C'"' · i l e a ch scr; ~.i. o., the oh!; '!:vet ( •.r .c...<. -' 
l . .. ., . 

I 

flavor ,· J. · • \U C .l. n~:: 3 i d S 
• 0 t c t: 1, to ton 

l(i • 1 • . ~ • • • r:n~ · 
'--~ \..."- .. -

{ 1 10 OlT'. ;calc 

l 

"c ..--. -" .. \·er 
"':nmen t: ~ dc~)cri!J.i.;.g til•~ • .L .. ..Lt.;.L~·----

uir'-' I b the 

p .- .~ )~(: ,., db 1 .. ' 
a."le l ffi?!nbC:':""~; if t:tHY c.::c;J'"l.!t.! OJ. '"' 

inc!ic a L=-..: '"'~~ . 

tJ . ...: tHO pr 

1 18 
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to overal l acceptance and tot~ 1 dernc~s, was indicat~d by 

assigning a v alue to each Ua!";~lc of fro~~l'n and frcc~~c c:ri~d 

shrimp . A nine paint hedonic s..;.:1.!.c tras u:.;ed. 

Organoleptic Gvetlua.tions i nc.:i cal:c·d t!1c d · ffcr.cncc in 

appearancw \·ms highly signific .. mt , the greater p.cefcrencc 

being for the fro:;en product . 'l'hc prefcrcn<.:e tor fro.t.en 

~>hrimp wan s igni fic~ntly higher boL11 n.; to ov<-J'~lll acccp-

tclilce and as to tcncJ.r~rncss . 

cd.ffcren ce factor i.n the ur.e .. 1 of utPt'itt:C\nc:•' · l'r·o;..:n nnd 

• <:eczc dried shrim_, c!id not diffpr .:.i n.:ric<Jn ly as to U1e 

c:: 'ount of juic~ but comment.; inc.:icu. t•d n r "1 L ft ll"'lCe 

~·he prcfc:r<.'ncc •n.1~ tor t:hc f rozcn " 

Of I 1 · t '-e t '"' ·J't .~.-..s. 1.· n , ..-;i ; tc nl ne .; c... •• • ··-

''r lain" ·>!' rir:1p . 

d i.i: fc rt'!nC~''b in troz 'Tl u.nd f: ·ecz dr i 

c shes althoncJh t:hc observnnlc f; f f r c 'P " • ro 1 s , il' • r~;::n t . 

• c 10i.c • • f 

I be 

· 1· 1 1 ' .. 0 r. cv 1 H"'io·' c c:.;olilp ~s e.. 0y me" n ) . 
!,, .. 1 ... • ul"'. 

p!:cC.:ucL t.o be t:c~+- C' :md net: 0"1 t .l! 

r- . ;els 

L , t .. 

in r ..1 

. l i.•' 1 r 1 
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in vernucul :lr u::::cd in cv .. l.luation.; . l\ more nc<l.rly synchronized 

use and choi ce cf words wm1ld help to eliminat~ incon~istcn~y 

bcb·7een j ud,Jt~s . 

To de tc.q·mi.ne i f differences in the nu.tbt·r of orqu.nisms 

or the prf"scnc<! nf. p.1.thoc:cns occnr ill sar.·plc.; or frm:(" n 

.:md free-.::e dried shr. irn~), ~l n:icrob i o log ic.1l .• nrvcy "''·!.l 
conducte d . To tal acrobi<; pl3.t0 coun tr. at: t hn.!'~ cH lu t ion. ; 

t he f. r ozen smpl(~S . Of the t ·;o IMthoqf'nic L• C'f' o lnctcda 

for: •.:h i c ll dcl:c.:rrli.natjon .• · .. c-:e mat!' , "fpt.· n.l nlt•J·ococci" 

i·:crc liC'It. prc,:;P!l t in ei th.•r o=,...o:~vn or [r ,. · 

Coa~!Ul.:!:::;c-rnsitivc :>t t'Jhylococci · (' "c .. r nt L1 the 

r"'ng dS " 

"'C" ,. • · .. :">:>.._.,..r<":, t'"' h·• 'JcJCL ,..ic.lo lCt'ly •• (P. •·· ul'.'; C ~ J lrCG(.!TV..1 ~~Oil ~· - "' ._ 

1 · .... ,. 1 ...... -! ,.. •• • 1' or f 
~o or c~~ng, r~rr• ~ ~~~ ·· 

r'hrimp •• '11 1•.; 'f.'' sub jt rl to 

'· ., • .r. · l · t· t· ;' v"" -o 1 r •· i 1-WO ~ L l. :b~!':>rt l: r, Ur1rt :.!. •l · '- c..; - '-
t:ri<.: an t l· : ' . 1 rccd\tl:'C'S. 

h· 

n~d by n col r r' irec~P dr1 ~cl , ua.;; <.1~ tcr 

c uc 

· 1 >r , 1 i'l'~ 

ro ' L tric Uy . 

.L1.cmt 
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loss \"as associated ui th a lc·.u--r ovt..!ra 11 produc~ acccptanc~ 

as indicated by ornanolcptic evaluation . A significant 

difference in light rcfl0ctancc at: approx irr.ntaly tJH:~ !io:Un~ 

wave l eng t.h at vlhi<..:h tlw pe«k of li9h t ab~orb<ln',;Y H .. "ln 

observed in p i gment cxtrrtction seem!> to indicate that 

light reflectance could be used successfully as Ll quality 

control tool f or the c~c t;c•rn in<~ tion of proc net quality . 

.1 highly significr:tn t pi.o..!1:t~rencc for the fro7.rn ~>rocuct . As 

r.::adj ncs of nound~: [1Cl: sau.1rc inc:h n··,·~·~ :try ~'"or !>h tri \<'J ... . 
fibers of shrimr> lTC' 1:<.' ch l;.1 i.nO:::l 1• ''!1~ tl'O?L'n ~ . n 1 t'~ .-h 'IN'i c 

indicnt~cl for the [rce;:e dri d r>r· duct an inv ;•·i J•'tion 

\'ias mr.\dt' r.o f1etl~~·,·ol ; the rl"llbC'n.,j'dn of p;:ct ~·r. to 

hy~':"c··;prolinc both in the tctal '"'.t.; • prot · ' oaL z : nd 

t ., ·('):•.p.;-•lir.c h·~ t~"n 
'.he guan ti tad v<1 <. "tC'rml n., tions o -

. tl d .. or u u '"'n -, ..l t . r ••. 
ilCCt;pte:c , .. :; a v a l Jcl mr:- \C 

J 1 ~c n l.n 

~ntc r.iul. 
i.r: "'n r · 1 1 t ,~ nco l l. t 

ncct.; ve 
. . .. ' \ -nosr 

'"· .; ., ... 5 soci.:.ltt•d •:1.Ln Ll • "' •• • \..l5S lle 1 ..L. .. ~ .. ::.. . .. ..., 
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Tis~ue samples of freeze dried ~hrimp \l!ld also aliquots 

of extractions of ~;arcopla:.:;mic; prutci.n, tlbx:illac protein 

and the p rotein .Eract i.ons ex tru.c t"b lc at high L'nic ~ trenlJ th 

i ndica t ed greater optical density rea clings thnn did like 

sampl e s of frozen sltrimp in hydroxyproline deLermination!; . 

Dessica t ed tissue samples \'/ert:~ usee! [or the hj•droxypro 1 L1c 

extra ctio n of t...'1c tot:ll protein , \lhcrc •• · , rc:.;h fro~en dlld 

freshly r ehydratud ~cJmplt~::> \'N!l:c cmr_.>loy~ct or f.tactionation . 

I n the opL'lion of Ute author , t.he inct •c:u;nd liqht .1L.sorl.Hu1cy 

of tl'e irct'!Ze dried mutcriul :'IdS c rl:'bU l t o( so IP chamJc 

in protein as a rcsul t of ly .,phil i •~ct t; on . D.J.t<l fro:n a 

grec.tter nun11.:er of Harnp Lt:s ... n:e 11c<.:t. ~;~ .... L' , hm. "'\ • ·, h 'Core 

tnis ilS::>n;:lpi.:.ion c;.m i>C v 11 idc:u·,•cl. 

dried shrj mo sample.; \!.'ere j ndic.ltccl b:t the ua t<.1 in Ltir> 

::;tudy . Fibrillttl." protein t'xt:ract hill. ty vm; • rkec.H}· 

d . · · · t' ':'he J:"l t_J. n .. ~ll·' oi i'ltra-
tm~nished by lyoph1LL~a-J.on. - ~ 

C 11] · .- 1·na~ely o c l"-'rt c:.uco ludJ'lJC e u .ar protcJ.n::> \·I·"' c1ppro:. t ... 

protein to ~ight: p 1rt.; of fiu! ill.:lt P 
In bc•t die"· , 

t to l)c ··clot•· I lo hi ·lcr n·o ottions 
.cnucrn(;'s~ hao;; bet~n sho,·m ... 

of narcop!a~nic proteins to t _t of t 
lt"J.llur occins . 

I · tt" ,.,t ... o 'n L'1is sl- y the .ratio n the ~h.r:imp sampJ.,,q J..nv~ ~ (,:...- "' ... 

of 1;ile two fr.dc t.i.<::htS \.,vr:c t~lt: san • • 

nes:;; diffc1:ed g.t•~atly both by org.mol 
tic c .. llu.:l tio.1 .l 

by shear p~cs3 v.!lues . 



l\ greater number of replicatio·1.: of c;:1tn of tht' t: ~ c 

obtaiaert in this ..;t:udy <:u:-,, ne('!<k•d in order to dctC'l.itd!l• ' 

statistical rc li ~>ility . In actdi ti~.m to !..he s tuc!y of 

hydroxyproline content of ~~.tch i.nt.r .. 1culluJar fructiL r, 
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hydroxyproline detc!rrd.natj on!.> ::;hou ld be ni'r1•• on the r(!<Jidu" 

cont~ining alkali .in~>olubl(' mat:t ... •r . Idcntificution of 

the factor or. facb)r.s respon•;i!'>Jc for l 1lC 'jr 'ilt•·r liCJht 

a.bsorbancy in thP frt.!()ZO c:ricd !.;ar'lplos i.r: IV"c<IC'd. 'lhi:: 

dctE:rnin.:tt1on :ou 1 d rcpr~.'n nl: the h) (!ruxyprul in0 conL nt of 

co·1v.•r. icn r.;1ct.or or. 

hydr.oxyp't"cline to coll<:qt'n tcr sbr · lp ..;hcu 1 d · c- ~..:!l ·r inccl 

and :-;ct forth in the l itt rut:nr~ . 

1'he f .J.c '.:or oC juic.;in .r·s .. me c c ,pt...:bi li lv of r-

was inve:stic:J ater1 j 11 fl:07. 'll and fr ,-.. · dri ro' ·'trimp . 

" l ti · t ·,. r.o, ... · r"':...,.tlch ;. L·:\.rs 
l\ tougl: Eut is .:u::sot.ac:\ '1 i)y ~ #.._ 

; the 

.;l icitt• •"' or 
J 

nrl 

other n·.~ats , the fr1t cent· ·r~1: o"" ·!n·i. 'l i.· ·1 

r1 ,. j,\tri:n ... cr: .1 • 01 

'::l:e amount of r.'o.i. r: tu.rl..! , .. U:il in c1 • • !1 .. i. . ., 1 ;-md U· ~tc 

.lt whir·h l:h~ t r .. o LG l:tu (' 

or cit •r <1 i ·~c • J.;~ r o.1e 

f L 'i'hc !' • ·c n t prc:::ttci.r.g u. dry ':lnuth cc · -
o t z· .>- l tid 

. r • dried . c:~tra.ct·ablc from ::.tc r.'t.;'l..'.:~..: 

·tr-ilnr 

The ui 1-f:crcnCl' in th 
.. ; st•! r 



from the f.n~CZC urir:d Gamplc U!"ld•.!l' li.kc chc :in~ CO:ldi ti 01\5 

could account for t:he com..":1cn t~ by tns ·c pnne 1 1'1• mbc rs per-

tain i ng to a dryncsG of: product .::. f: b"'r t:;w fir :~ t· ft~ ... , chc~·t.; . 

The author accounted only f:or pn~S!> f luid under g:i.ven 

condition..; since no m<•i.hod for an abso lu te dct('l.'1'lination 

of "bound" and " fr·ce" u.:ttc1· t·ras .-:~ccrtaj :1cd . If such a 

technique could be ~cviscd , a valj~ difrcrcntia l £actor 

could be investig<:.t tccl (or shdm•) "~' \/ell aR for manr o ·hc:t: 

food products . 

The need for •·urthcr i:westigcJt:.ion into tht' cau en ot 

the t.ou']henin<J .:md J r'ss ~>f c("'lor in ;hril'", · :> ' r' 'ul t ca 

lyr1phi ll :.;atio·1 •.-1i th .cc.con -.· 1 • ti<"'n: r r tl ' ll •v i 1ti( ''I of 

th • • • I'( esc und~sirnb 1 c> ch.:n:,\r.: l: • t· LS l..J.CD 1 1 Ill', • ._., • •·or thi> pte 

• roc!uct o t p ... i liM 

au ··l' .L • ., l: \ "'.,)H•.,l ,_,, 'Jti\P -r. 0 
~ ... ry J.n oru~'-~ r ·o .. "-<> 'V l 

A . t • "• ,, f"''1 ~ I• l' I 
V<rGt nlll'loer o'- ~nvcs ~c11 ..... i ·• ·•· 

•·1 • J o 11; n bovira•' 

.. J.-.: !'! 'l i LC u r, l ly 

1 'j t t t r, j l l. the 

~ t lv ~, l to 

' '" >ctJ. ,...,.,,. of .beef .""n<t • .,or:~ 
"'- -'-· ·'· a \ .;;J 

roh .!.ll!· to ~ ll0\-1 

rn~>car.cll ·.,ror}~t.: r.> to rnuk1" <1 i r~ct. co 
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