
Technical Report Series
Number 84-2

NUTRITIONAL AND QUALiTY CHANGES
IN FROZEN BREADED SHRIMP

WITHIN THE WHOLESALE-RETAIL;
MARKETING CHAIN '

Keith W. Gates

Jackie G. EuDaly
Amanda S. Parker

Laura A. Pittman

NATlWAL SV -�Z,',vT pr,;,;,T,<�
PELL LIP[,,!vy pl'�,�
~" '"I" -""I~'ijT I",'i,' i�",,'�..',:gg

AARRAGANSETT, R l 0.'882

Georgia Marine Science Center
University System of Georgia

Skidaway Island, Georgia



~gp,g COP< pe
ClRCN.ATB" COP>

Sea Grant Dapaaitgy

NUTRITIONAL AND QUALITY CHANGES IiV FROZEN
BREADED SHRIMP WITHIN THE

WHOLESALE-RETAIL MARKETING CHAIN

by

Keith W. Gates, Jackie v. EuDaly, Amanda S.
Parker, and Laura A. Pittman

The University of Georgia
Marine Extension Service

P. O. Box Z

Brunswick, GA 31!i3

NATIORhl SF% FP~AT 6 P""I'Oi j
Lli<4,"-' f. ll,'

1Ub.i ''J e''iH ibad' I''c.'l ' ~ l5' l' 'l'; F g.g

Ar r~ Mdr i<0 . a, I  JAN< inc

The Technical Report Series of the Georgia Marine Science Center is
issued by the Georgia Sea Grant College Program and the Marine Extension
Service of the University of Georgia on Skidaway Island  PE 0 ~ Box 13b87,
Savannah, Georgia 314lb!. It was establishea to provide dissemination
of technical information and progress reports resulting from marine
studies and investigations mainly by staff and faculty of the University
System of Georgia. In addition, it is intended for the presentation of
techniques and methods, reduced data, and general information of interest
ta industry, local, regional, and state government and the public. In-
formation contained in these reports is in tne public domain. If this
publication is cited, it should be cited as an unpublished manuscript.
 Sea Grant College Program, Grant f04-SMOL-1!S!



ACKNOW!.g DGE'lENTS

We gratefully acknowledge the support of the following companies for
the successful completion of this study: The Rich-Sea Pak Corporation,
St. Simons Island, Georgia; Gibson's Discount center, Brunswick, Georgia;
Mock's IGA Foodliner, Brunswick, Georgia; The King Shrimp Company, Inc.,
Brunswick, Georgia; and Roche Chemical Division, Vutley, New Jersey.

The technical assistance of the following individuals was greatly
appreciated: i' !s. Kathy Bennett, Ms. Rebecca Blair, Dr. Domiciano Broce,
Mr. Paul Christian, Dr. Pat Donahoo, Dr. Ronald gite~ilier, iis. Sandy
Gale, Mr. Tony Hall, Mr. Frank Harris, Mr. Mike Harris, Ms. Beth Husky,
Mr. George Ingram, Mr. Jack Kilgore, Mr. Raymond Mock, Mr. Stewart
Pittman, f!r. Tom Shierling, Dry Haesa Tnota, and Dr. Arnold Wu ~

This publication is a result of work sponsored by the National
Fisheries Institute, the University of Georgia, and the National Oceano-
graphic and Atmospheric Administration, U. S. Department of Commerce,
through the National Sea Grant Program ',Grant OU4-8H01-175! ~ The U ~ ST
Government is authorised to produce and distribute reprints for
governmental purposes not withstanding any copyright notation that might
appear hereon.



~Fa e

xii

iv

Vri

Introduction

Hethoas

Results

Discussion

Conclusions and Recommendations b3

References

e7Appendix

Acknowledgeraents

Abstract

List of Figures

List of Tables

TABLE OF CONTENTS



ABSTRACT

The quality and nutrition of frozen breaded shrimp available to the
consuming public have been a recent concern of breaded shrimp manufac-
turing companies, state and federal regulatory agencies, retail mer-
chants, and consumers themselves. The current study monitored a single
lot of 8-ounce breaded fantail shrimp held in a large warehouse freezer,
an upright retail, and a horizontal retail freezer over a thirteen month
period. !fonthly samples were collected for percent moisture, percent
protein, percent ash, percent breading, ammonium, trimethylamine, ribo-
flavin, thiamine, aerobic plate count, htPN total coliforms, lB'N E. cali,
and MPN coagulase positive staphylococci determinations. Concurrently, a
7-member panel evaluated the products for textural and flavor character-
istics.

The results of the study indicate that: ignificant organoleptic
deterioration can be detected as early as three to four months after pro-
uction when shrimp are stored in a retail freezer. Net weight and per-
cent moi.sture changes support the contention, As the age of the product
increases, shorter storage times at the retail level vill precipitate
measureable organoleptic and chemical deterioration within the product.
Storage at the wholesale level below -20'C proved to be an effective
method to maintain the quality of frozen shrimp for at least thirteen
months of storage.
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INTRODUCTION

The quality and nutrition of frozen breaded shrimp available to the
consuming public have been a recent concern of breaded shrimp manufac-
turing companies, state and federal regulatory agencies, retail merchants !
and consumers themselves. Breaded shrimp manufacturers were convinced
that they were producing a safe, nutritious, and appetizing product for
public consumption. Periodic consumer complaints and regulatory actions
led the processors to believe that the consuming public was not neces-
sarily purchasing the same quality product that left their manufacturing
facilities. Two previous papers, Mao, et al. �975! and Vfilliams, et al.
�981!, addressed the problems encountered with moisture migration within
breaded shrimp that caused the shrimp to lose moisture to the surrounding
breading. The decreased weight of shrimp coupled with an increased
breading weight caused the product to fall below the United States Food
and Uru" AdminiStration Standard of Identity for frozen breaded shrimp
specifying a minimum shrimp content of QUA  FUA, i.97b!. Additional ques-
tions have been raised regarding the nutritional and hedonic quality of
breaded shrimp in the market place. Again, breaded shri~p manuiacturers
believed that they were producing fine products, but that handling abuses
at the retail level were depriving Consumers of expeCted quality on some
occasions. The following study was initiated to illuminate those prob-
l.ems.

HETHOUS

The project was designed to determine chemical, microbiological, and
organoleptic changes in frozen breaded shrimp as it moved through the
wholesale-retail. distribution system. A large Georgia seafood processor
provided a single lot of 8-ounce frozen breaded fantail shrimp produced
and blast frozen in Brownsville, Texas on July 6, 1982. The lot was
moved to a wholesale freezer in Glynn County, Georgia, on July 11, 1982.
Initial and repl.acement product was supplied from the freezer to two
retail merchants operating in Brunswick, Georgia. The first market
stored and. displayed the product for retail sale in a vertical or upright
closed door freezer case, lkarren/Sherer model HC.-SU. The second coop-
erating market aisplayed and stored the frozen shrimp in a horizontal or
coffin freezer open to the air, l1ill model c,i,' bKF. The product was
loaded into the upright freezer on July 29, /982, and into the coffin
freezer on August lU, 1982. Adaitional product was supplied to each
retail store when requested by the managers  Figure 1!. In all cases,
the product was delivered following completion of each month's sampling
program. Product age and storage time in the warenouse freezer were
documented. Although product age was known, exact residence times for
individual shrimp packages in the retail cases could not be determined.



Coffin Freezer

29 July 1982

25 August 198210 August 1982

19 October 1982

12 November 1982

Table 1. Product delivery dates to the retail freezers.

14 December 1982

2 March 1983

27 April 1983

6 July 1983

23 March 1983

27 April 1983

6 July 1983



Ryan battery-powerea thermographs were used to continuously monitor
temperatures at each storage location. A modeL K-4S recorder was in-
stalled in the warehouse freezer while a model K-10 thermograph was in-
stalled in each retail display case.

Five eight-ounce packages were collected monthly at random from each
storage area for chemical, microbiological, and organoleptic analyses.
Samples from each location were composited for all determinations. The
product sample of green headless shrimp collected before the Brownsville,
Texas, production run was completed in July 1982. Frozen breaded shrimp
collected from the wholesale freezer were first analyzed in July 1982.
Initial retail samples of breaded shrimp from each display case were
taken in August 1982. MonthLy samples of frozen breaded shrimp from each
storage location were collected through July 1983. The retail establish-
ment providing the coffin freezer discontinued sales of seafood at the
beginning of August 1983. Final breaded shrimp samples vere collected
from the upright freezer and the wholesale freezer in August 1983.

The foLlowing chemical analyses, except for percent breading, were
completed in duplicate for the initial green headless shrimp samples and
monthly on breaded shrimp collected from each location:

�! Percent moisture  Horowitz, 1980!
� ! Percent Kjeldahl Protein  Horowitz, 1980!
�! Percent Ash  Horowitz, 1980!
�! Percent Breading  Horowitz, 1980!
�! Ammonium, specific ion electrode  Ward et al., 1978!
 8! Trimethylamine, specific ion electrode  Chang et al., 1976!

Bioassay vitamin analyses vere completed for the same series of samples:

�! Riboflavin  Difco, 1977!  Horowitz, 1980!
�! Thiamine  Difco, 1977!  Horowitz, 1980!

Microbiological levels were determined for all green headless and
frozen breaded shrimp samples:

�! Aerobic Plate Count  FDA, 1978!
�! MPN Total Coliforms and E. coli  FDA, 1978!
�! MPV Coagulase Positive Staphylococci  FDA, 1978!

Marine Extension Service staff members were presented with samples
of freshly frozen commercial breaded shrimp, commercial breaded shrimp
held for approximately one year under poor storage conditions, and
breaded shrimp purchased from retail stores represenring five different
manufacturers. Over a two-month period, the group developed modified
flavor and textural profiles to characterize the breaded shrimp samples.
Duplicate samples were presented to each panel member utilizing a single
blind experimental design. A continous sensory scale of 0-5 was used to



describe eacn flavor or textural characteristic. A score of zero inui-

cated lack of detection by a panel member for a given trait while a score
of five indicated the strongest impression for that trait  Cardello,
1981!  Civille and Szczesniak, 1973!  Civille, and Liska, 1975!. The
following textural characteristics were defined:

�! Hardness: The perceived force require@ to compress the sample
using the molar teeth.

�! Chewiness: The total perceived effort required to prepare the
sample to a state ready for swallowing.

�! Fibrousness: The perceived degree   number x size! of fibers
evident during mastication.

�! Oily Mouth Coating: The perceived degree of oil and/or water
left on the teeth, tongue, and pallet after swallowing.

 .~! Moistness: The perceived degree of oil and/or water in the
sample during chewing.

The following flavor characteristics were defined:

�! Overall Shrimp Intensity: The perceived degree of shrimp
flavor exhibited by the sample.

�! Sweet: The perceived degree of sweetness associated with the
sample.

�! Nutty buttery: The aromatics associated with the rich full
flavor of chopped nuts such as pecans and warm melted butter.

�! Old Seafood: The aromatics associated with cooked seafood that
is getting "off" but is still acceptable.

�!- Freezer burn: The taste associated with a stale refrigerator
or freezer that has been used to store food.

 b! Rancid Taste: The after-taste common to country ham.

A taste panel consisting of seven trainet; members was selected to
evaluate frozen breaded shrimp samples, fried for 3 minutes at 177 C in
peanut oil, for textural and flavor characteristics. Panel members were
presented with a control sample of breadea shrimp at each meeting in
addition to the three experimental samples. The control sample was the
latest code date breaded fantail shrimp produced by a local seafood
processor. Samples were presented in duplicate utilizing a single blind
experimental design.

RES Ul TS

The warehouse freezer exhibited a maximum daily temperature varia-
tion of 2 - 3 C, the smallest deviation af any freezer studied  Figure 1!.
Temperatures reached -20 C or less on 704 of the monitored days and were
below -7'C on all occasions. The maximum recorded temperature of -10'C



occurred in August 1982 following a freezer malfunction. The minimum
temperature of -24 C occurred during December 1982 and January 1983 ~ l<o
consistent defrost cycle was noted.

A maximum daily temperature variatio~ of 34 C occurred for the
coffin freezer in February 1983  Figure 2!. Daily temperature variation
was approximately 12 C with a b � 8 hour defrost cycle. The freezer's
daily minimum temperature reached -20 C on one percent of the monitored
days and -7 C on 99K of the days. The freezer exceeded 0 G on 5f. of the
monitored days and reached a maximum temperature of 17 'C following mal-
functions in November 1982 and January 1983. The lowest temperature of
-2V'C was achieved in February and +larch 1983.

- I P R 5 0 4 0 0 1 I R If u J R
IQP% X 51[R%E

Figure 1. ijaily maximum and minimum storage temperatures for the
warehouse freezer.





The upright freezer had a maximum daily temperature variation of
25'C in October 1982  Figure 3!. A b � 12 hour defrost cycle with a 14�
18'C temperature variation vas observed for the freezer. Daily proauct
temperatures reached -20 C on 3bV of the monitored days, and -7'G on
all occasions ~ The freezer exceeded 0 C on lg/ of the monitored days,
reached a maximum temperature of 3 C in October 1982 and a minimum
temperature of -24'C in both October and November 1982,

The minimum daily freezer temperatures observed for the warehouse
freezer were consistently less than those measured for the upright
freezer. The mean minimum daily coffin freezer temperatures were con-
sistently greater than. those of the warehouse or upright freezer  Figure
4!. The maximum daily temperatures of the coffin freezer vere greater
than those of the upright freezer, which in turn were greater than thewarehouse freezer temperatures  Figure 5!. HULK

OFF III
lPRIIR

R 5 0 H 0 J F N 8 fl J J 1 5
lOA6 !F PWR

Figure 4- The minimum daily temperatures for the warehouse, cof f in,
and upright freezers.



74.78P ere en t Mo is tur e

18.48Percent Protein

Percent Ash

Ammonium, mg/IOOg

TMA, mg/100g

4.39

IR.OO

7,98

Thiamine, mg/1 00g

Riboflavin, mg/IOOg

0.050

0.003

Table 3. Mean vitamin content of green headless shrimp used
to produce the control lot of frozen breaded shrimp.

2.40 x 10Aerobic Plate Count

Organisms/g

240MPN Total Col%forms

Organisms/g

<2MPN E. coli

Organism/g

<3MPN Coagulase Pos. Staph.
Organisms/g

Table 4. Mean microbiological levels of green headless shrimp
used to produce the control lot for frozen breaded
shrimp.

Table 2. Mean chemical analyses of green headless shrimp used
to produce the control lot of frozen breaded shrimp.
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Figure 5. The maximum daily temperatures for the warehouse, coffin,
and upright f reezers-

Taole 1 presents the dates that frozen breaded shrimp were delivered
from the warehouse freezer to the retail upright and coffin freezers.

Tables 2-4 present the chemical, vitamin, and ~icrobiological analy-
ses of the frozen green headless shrimp used to produce the control lot
of breaded shrimp at the Srownsville facility. Figures 6-33 detail the
results of monthly chemical, microbiological, and organoleptic analyses
of the frozen breaded shrimp stored in each oi the freezers'

All chemical, microbiological, and organoleptic data sets containing
duplicate or greater than two values for each dependent variable were
analyzed statistically with the Statistical Analyses System  SASp  Ray,
1952j. The methods included General Linear Re'ression ilodel  GL,'I~, uti-
lizinI, an analysis of variance procedure to compare monthly data for each
dependent variable at each storage location. Uepenaent variable means were
compared for significant differences at the O.U> level using Tukey's stu-
dentized range test  HSD!  Ray, 1982 !. Poolec. standard errors were cal-
culated for Tukey's studentized range test.

PSE ~ error mean square number of observations
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In the remainder of the paper, a significant a.ifference between means re-
fers to Tukey's studentized range test with p - 0.05. ileans, numbers of
samples, and standard errors of the mean are presented for all variables
analyzed by SAS in the appendix  Tables 32 � 52!.

C. eee ~hei bee

The inital mean net weight of shrimp stored in the wholesale freezer
 July 1982! was 238.7bg. The net weights began to decline in Hay 1983
�34.89g!, reached a minimum of 225 ~ 3g in July, and returned to 228.47g
far the final August sample. The average net weight of shrimp stored
in the COffin retail freeser waS leSS than the net weight Of shris1p
stored in the upright or wholesale freezers on all sampling dates except
for the initial August 1982 determination  Figure 6!. Weights ranged from
a maximum of 234 ~ 588  August 1982! to a minimum of 206.68g  July 1983!.
Shrimp stored in the vertical freezer showed a marked increase from the
initial average net weight of 235.658 to 259.59' and 275.3bg, respec-
tively in October and November 1982,  Figure 6!. Large ice crystals ob-
served in packages of shrimp collected during the two-month period were
responsible for the increased net weights. 'Ao additional patterns were
noted in the data until June 1983. The mean set weight of 239.88g marked
the beginning of a rapid weight decline which reached a minimum value of
219.2bg in August 1983-

RF0

2IB0

I 0
. 250

210

R zso

220

210

200 asa1 Oct mov 0ec M Feb MS1 War 1SsV ~ ~V
Menthe of Storage

Figure 6. ilean monthly net weights in grams of shrimp held in the
warehouse, coffin, and upright freezers.
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Table a lists signiiicant differences among net ~eight means by
month at the 0.0! level using Tukey's studentized range test. Beginning
in September 1982  two months storage!, the mean net weights of shrimp
stored in the retail coffin freezer were significantly less than the
warehouse and/or the upright freezer in all months but Narch and I%ay 19ti3
 eight and ten months storage!. The net weights of shrimp stored in the
upright freezer during October and November 1952  three and four months
storage! were greater than those found in the other two freezers. The
increased net weights coincided with the formation of large ice crystals
on the product, wide temperature fluctuations in the coffin freezer, and
maximum temperatures exceeding 0 C  Figure 3!, The only significant
differences in net weights between the wareiiouse ana upright freezers
occurred in October and November 1982.

D, t'moisture

!taisture content  Figure 7! of ttte wholesale shrimp underwent no
consistent pattern of change, with an initial mean of 
.96%%d  July 1982!
and a final mean of 58.93%%d  August 1953!. The initial moisture content
of shrimp in the coffin freezer, 
.43%%d  August J.962!, was reduced to

.47%%d by August 1983 with a minimum value of !U.64%%d in >lay 1953. The
moisture contents of all horizontal freezer samples paralleled the net
weight data and were less than the values determined for the other
samples except for March 1983 ' The Harch sample, stored in the vertical
freezer  S3.894!, contained less moisture than the sample stored in the
coffin freezer �4.87%%d!. The abrupt rise in assayed moisture noted for
October �3.06%%d! and November �4.81%%d! l.952 samples was consistent with
earlier net weight data and the observed accumulation of ice crystals on
packaged shrimp. Final moisture levels were reauced from 59.63%%d, to
!o.44%%d.

Table 6 lists significant differences among percent moisture means
by month at the 0.05 level using Tukey's stuaentized range test. The
percent moisture content of shrimp stored in t: he coffin freezer was sig-
nificantly less than the levels detectea in the product from the other
freezers except in July 1982  initial month! and April 1983  nine months
storage!, when no significant differences were observed. Parallelling the
net weight data, the percent moisture content of the shrimp stored in the
upright freezer during October and November 1962  three and four months
storage! was significantly greater than the moisture content found in the
warehouse ana coffin freezers. The moisture content of the warehouse
freezer was significantly greater than the moisture content of the
upright freezer ior six of the last nine months ot the study. No signi-
fiCant differenCeS were determined far the April sample  nine mOnths
storage!, which followed stocking of the upright freezer with packages
from the warehouse freezer in March 1983. Only freshly stocked material
was available for sampling.



Net Weight Graras

Freezer Freezer

A 235.10 Upright
A 229.49 Warehouse

8 206.71 Coffin
PSF. ~ 2,77

Aug 82 No significant
difference

PSR ~ 2.38

March 83 No sign if icant
dif f erence

PSF, = 3,42

Sept 82

April 83 A 232.35 Warehouse

BA 226,33 Upright
8 220.03 Coffin

PSF. ~ 1.56

Oct 82 A 259.59 Upright
B 235.58 Warehouse

C 215 ' 16 Coffin
PSE 2.62 No significant

dif ference

PSE ~ 3.83

May 83

Nov 82

June 83

Dec 82

July 83

Jan 83

No significant
difference

PSE ~ 2.50

Aug 83

Table 5. Mean net weights significantly different at the 0.05 level and
pooled standard error  PSE!, Tukey's studentized range test.
Means with the same letter are not significantly different.

Mon th

July 82

A 240.63

A 240.17

B 222.08

PSE 2.47

A 275 ~ 36

B 231.74

B 222.55

PSE ~ 6.05

A 241.96

A 235.10

B 207.06

PSE ~ 1.97

A 232.09

BA 230,30

B 209.67

PSE 3.22

Upright
Warehouse

Coff in

Upr ight'
Warehouse

Coffin

Warehouse

Upr ight
Coff in

Warehouse

Upright
Coffin

Month

Feb 83

A 239.88

BA 227.96

B 211.85
PSE ~ 3.83

A 234.58

BA 225.37

B 206.68
PSE = 3.56

Upright
Warehouse

Coffin

Upright
Warehouse

Coffin



Percent Moisture

FreezerMonth Mean FreezerMean

March 83

~Se t 82

~Aril 83

Dct 82

Nov 82

June 83

Dec 82

~Jul 83

Jan 83

Table 6. Mean percent moistures significantly different at the 0.05 level
and pooled standard error  PSE!, Tukey's studentized range test.
Means with the same letter are not significantly different.

A 60.55 Warehouse

B 59.63 Upright
C 58.43 Cof f in
PSE = 0.028

A 59.2? Warehouse

A 59.10 Upright
B 55.64 Coffin

PSE 0.024

A 63.06 Upright
B 58.40 Warehouse

C 5 3 . 3 5 Co f f in

PSE 0. 048

A 64.30 Upright
B 57.50 Warehouse

B 56.21 Coffin

PSE 0.095

A 59.57 Warehouse

8 58.70 Upright
C 54.95 Coffin

PSE ~ 0.026

A 59.09 Warehouse

B 57 . 22 Upright
C 54.54 Coffin

PSE 0.056

Month

Feb 83 A 59.76 Warehouse

A 58.68 Upright
B 50.70 Coffin

PSE = 0.073

A 57.94 Warehouse

B 54.86 Coffin

B 53.89 Upright
P!E = 0.088

No significant
difference

PSE = 0.398

A 58.92 Warehouse

B 57.84 Upright
C 50.64 Coffin

PSE 0.055

A 59.49 Warehouse

B 55.62 Upright
C 52.65 Coffin

PSE ~ 0.087

A 58. 74 Upr ight
A 57.58 Warehouse
B 52.47 Coffin

PSE = 0.085

A 58, 92 War chouse

B 56.44 Upright
PSE = 0.044
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Figure 7. Mean monthly percent moisture content of breaded shrimp
stored in the warehouse, coffin, and upright freezers.

E. Ammonium

The determined levels of ammonium  Figure 8! for all three storage
conditions vere greater at the end of the study than at the beginning.
The wholesale freezer shrimp increased from >.60 mg/100g to 8.75 mg/100g,
the horizontal retail freezer shrimp increased from 13.5 mg/lOOg to 15.6
mg/100g, and the vertical retail freezer shrimp increased from 1U-4 mg/
1008 to 13.2 mg/100g. The ammonium levels of the shrimp stored in the
coffin freezer exceeaed those of the warehouse samples from October 1982
thx'ough the end of the study. The determined ammonium levels also ex-
ceeded those found for the vertical freezer samples from October 1982
through the end of the study, except for the Hay 1983 sample. Coffin
ammonium levels peaked in January 1982 �U.S mg/LOOg! and in June 1983
�2-0 erg/100g!. The ammonium levels were greater for shrimp in the up-
right freezer than for those in the wholesale freezer from December 1982
through August 1983 except for February 1983, with maximum levels of
18.50 mg/lUOg  May 1983! and 15.85 mg/1008  June 1983!. Moisture-free/
ash-free ammonium levels  Figux'e 9! folio~ed the same pattern.
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Figure 8. Mean monthly ammonium levels in breaded shrimp scored in
the warehouse, coffin, and upright freezers.
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Figure 9. Mean monthly moisture-free/ash-free ammonium levels in
breaded shrimp stored in the warehouse, coffin, and upright freezers.



Tables 7 and g list significant differences among means by months at
the Oe05 level for ammonium  mg/100g shrimp! and moisture-free/ash-free
ammonium  mg/100g shrimp! concentrations, respectively, determined by
Tukey's studentized range test. Significant differences among the means
on a wet basis determined for October 1953   three months storage!,
November 1952  four months storage!, and February 1983  seven months
storage! were not indicated on a moisture-free/ash-free basis. The
warehouse freezer samples had ammonium concentrations that were signifi-
cantly less than those of the coffin or upright freezer beginning in
December 1982  five months storage! and continuing through the end of the
study, except for April and June 1983  nine and twelve months storage!,
which showed no significant differences.

P. Percent ~hhrin

The initial percent shrimp aeterminea for the wholesale freezer
samples of 4b.24' on July 12 was 5.2bl less than the 51.50K shrimp deter-
minea on July 6 in Urownsville, Texas, during the product production run
 Figure 10!. Percent shrimp determined for tne wholesale samples was
consistently gr'eater than the retail samples beginning in June 1983 and
continuing to the end of the study- The lowest percent shrimp values of
42.294 and 41.274 in October and November 1982 were reported for shrimp
stored in the upright freezer when the samples also exhibited maximum
moisture contents. Percent shrimp levels were not statistically analyzed
by the SAS procedures.

C. Protein

On a wet weight basis, protein levels of shrimp stored in the coffin
freezer exceeded all other tested shrimp except for the January and March
1983 samples  Figure 11!. However, on a moisture-free/ash-free basis,
no apparent pattern was ascertained  Figure 12 !. The final molsture-
free/ash-free levels were slightly higher at the end of the study than at
the beginning. Wholesale mean levels increased from 28.254 � 30.02X,
coffin freezer levels from 28e27X - 29.3bX, and upright freezer levels
from 29.3bk � 30.88k.

Tables 9 and 10 list significant differences among means by month at
the O.U5 level for percent protein and percent moisture-free/ash-free
protein, reapectively, determinea by Tukey's studentized range test. On
a wet basis, the coffi~ freezer samples naa significantly higher protein
contents than the warehouse or upright freezers In September 1952, Novem-
ber 1982, May 1983, June 1983, and July 19b3. t!owever, when protein
levels are corrected for moisture content, no consistent pattern emerges,
and all months except September 1982 ana February 1983 showed no signfi-
cant differences in moisture-free/ash-free protein.
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Ammonium

mg/100g

Month FreezerMean Mean Freezer

~Ae 82

March 83
~Se t 82

A~v31 8 3
Oct 82

~33e 83

Nov 82

June 83

Dec 82

July 83

Jan 83

Aug 83

Mean ammonium levels, mg/100g shrimp, signif icantly different at
the 0.05 level and pooled standard error  PSE!, Tukey's studentized
range test. Means with the same letter ar.e not signif icantly
different.

Table 7 .

No signif icant
difference

PSE = 0.420

A 11 . 00 Upright
BA 9. 00 Warehouse

B 8.30 Coffin

PSE = 0.153

A 17.45 Coffin

B 13 . 75 War ehou se

B 13.50 Upright
PSE ~ 0.203

A 13. 50 Co f f in

BA 12.15 Warehouse

B 10. 25 Upright
PSE = 0.122

A 16.75 Coffin

A 14.40 Upright
B 10.75 Warehouse

PSE = 0.187

A 20.50 Coffin

A 15.50 Upright
B 9. 70 Warehouse
PSE = 0.334

Month

Feb 83 A 18.75 Coffin

B 13.25 Warehouse

B 12.65 Upright
PSE = 0.287

A 12.50 Coffin

BA 10. 40 Upright
8 8.50 Warehouse

PSE = 0. 196

No signif icant
difference

PSE - 0.129

A 18.50 Upright
B 13.45 Coffin

B 12.35 Warehouse
PSE = 0.238

A 22.00 Coffin

B 15.85 Upright
C 9.65 Warehouse
FSE = 0.224

No significant
difference

PSE = 0.318

A 13.20 Upright
B 8.75 Warehouse

PSE = 0.079
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Moisture-Free/Ash-Free Ammonium

mg/100g

Fr eez er Freezer

Aug 82

March 83

Sept 82 A 28 .94 Upright
BA 23.90 Warehouse

B 20.12 Coffin

PSE = 0.630 April 83

Oct 82

May 83

Nov 82

June 83
Dec 82

July 83
Jan 83

Aug 83

Table 8. Mean moisture-free/ash-free ammonium levels, mg/100g shrimp,
significantly different at the 0.05 level and pooled standard
error  PSE!, Tukey's studentized range test. Means with same
letter are not signif icantly diff erent.

Month

July 82

No signif icant
dif f erence

PSE = 0.937

No signif icant
dif f erence

PSE = 0.872

No significant
difference

PSE 0.495

A 39. 90 Co f f in

B 37. 56 Upright
B 28.58 Warehouse

PSE 0.777

A 48.60 Cof f in
BA 39.10 Upright
B 25.54 Warehouse

PSE ~ 1.32

Mont h

Feb 83 No significant
dif f er ence

PSE 1.13

A 29.48 Cof f in

BA 24.18 Upright
B 21.72 Warehouse

PSE ~ 0,738

No significant
diff er ence

PSE 0.490

A 47.13 Upright
B 32.30 Warehouse

B 29.24 Cof f in

PSE 0.946

A 50.00 Coffin

B 38 ' 49 Upright
C 25.60 Warehouse
PSE ~ 0.809

No signif icant
difference

PSE ~ 1.26

A 32.75 Upright
B 23.00 Warehouse
PSE = 0,330
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Figure 11. Mean monthly percent protein levels in the warehouse,
coffin, and upright freezers.
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Pex'cent Protein

Mean Fr eezer Mean Freezer

Aug 82

March 83

Sept 82

~Anil 83

Oct 82

~Ma 83

Nov 82

June 8"

Dec 82

~Jul 8".

Jan 83

Aug 83

Table 9. Mean percent protein levels significantly different at the 0.05
level and pooled standard error  FSE!, Tukey's studentized
range test. Means with the same letter are not significantly
d if f erent .

Month

July 82

No significant
dif f erence

PSE = 0.087

A 11.62 Coffin

BA 11.22 Warehouse

B 10.12 Upright
PSE = 0,071

No significant
dif f ex'ence

PSK = 0,098

A 12,60 Coffin

BA 12.04 Wax chouse
B 10. 99 Upright

PSE 0. 085

No signif icant
diff erence

PSE = 0.075

No significant
d if f er enc e

PSE = 0.075

Month

Feb 83 No signif icant
dif f er ence

PSE ~ 0. 071

No significant
dif f erence

PSE ~ 0.182

No signif icant
diff erence

PSE 0, 146

A 13.10 Cof f in

B 11.40 Upright
B ll .09 Warehouse

PSE ~ 0.078

A 13.52 Coff in

B 10.84 Upright
B 10.72 Warehouse
PSE = 0.106

A 13.64 Coff in
B 12.42 Warehouse
B 12.09 Upright
PSE ~ 0.062

No significant
dif f erence

PSE = 0.225



21

Percent Moisture-Free/Ash-Free Protein

FreezerMean Mean Freezer

Aug 82

March 83
~8e t 82

~Auil 83

Oct 82

Nov 82

June 83

Dec 82

~Jul 83

Jan 83

~Au 83

Mean percent moisture-free2I'ash-free protein Levels
signif icantly d if f erent at the 0. OS level and pooled
standard error  PSE!, Tukey's studentized range test.
Means with the same letter are not signif icantly
d if f erent.

Table 10.

Month

July 82

No significant
diff erence

PSE = 0.366

A 29.70 Warehouse

A 28. 1.7 Cof f in

B 26.1.8 Upright
PSE - 0.164

No significant
dif f erence

PSE ~ 0.406

No significant
difference

PSE = 0.391

No s ignif icant
difference

PSE = 0.297

No signif icant
dif f erence

PSE ~ 0,299

Month

Feb 83 A 29.70 Upright
A 29.12 Warehouse

B 25.34 Coffin
PSE = 0.285

No s ignif icant
d if f er ence

PSE = 0.711

No signif icant
difference

PSE = 0.557

No signif icant
d if f er enc e

PSE = 0.279

No s ignif ic ant
difference

PSE = 0.392

No signif icant
dif f erence

PSE ~ 0.252

No signif icant
d if f er ence

PSE = 0.909
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Figure 12. Mean monthly moisture-free/ash-free percent protein
levels in the warehouse, coffin, and upright freezers.
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Figure 13. Mean monthly percent ash levels for the warehouse,
coffin, and upright freezers.
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H ~ Ash

Percent ash levels exhibited na persistent pattern with time in any
storage area  Figure 13!. <Mean significant differences in percenr. ash
concentrations by month, determined by Tukey' s studentized range test,
are presented in Table ll. The coffin freezer samples have significantly
greater ash contents than the warehouse or upright freezer samples from
november lbg2 through July 19g3, with the exception of itarch 1953, which
shows no significant differences. The data reflect the lower moisture
content of the coffin freezer samples' Ao consistent percent ash
patterns were noted for the warehouse or upright freezers.

i. Thiamine

Thiamine concentrations of all collected samples exhibited an initial
rapid decline between July and September 1912  Figure 14!. Wholesale
thiamine levels were reduced from 0.150 mg/lVUg to U,U2U mg/1UUg, coffin
freezer levels from O.Ub9 mg/1UUg to U-U2U mg/10Ug, and upright freezer
levels from U.1i'4 mg/lt!og to 0.019 mg/1UUg. Ao additional trends were
observed for wet weight or moisture-free/ash-free thiamine  Figure 15!
levels during the rest of the study. Thiamine values were not evaluated
by the SAS program.
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0,1

O.le

N 0.14

0
0. 12

Cl
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0. 10
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f. 0.0e

~ ooe

E 0.04

0.02

0 July Arre eop 1 Opt NCW OeC Jp n Fop Mar Apr May JWW Jul y A up
Months of Storaqe

F igure 14 ..'tonthly thiamine concentrations f or the warehouse, cof f in,
and upright freezers.



Percent Ash

Mean Freezer Month Mean Freezer

Feb 83

Aug 82

March 83

Oct 82

Nov 82

June 83

Dec 82

July 83

Jan 83

Table ll. Mean percent ash significantly different at the 0.05 level and
pooled standard error  PSE!, Tukey's studentized range test.
Means with the same letter are not signif icantly different.

Mont h

July 82

No significant
difference

PSE 0.006

A 3.11 Coffin

B 3.00 Warehouse

C 2.86 Upright
P SE 0. 004

A 3.00 Warehouse

BA 2,86 Coffin

8 2.56 Upright
PSE ~ 0.019

A 3.00 Coffin

A 2.98 Warehouse

B 2.45 Upright
PSE = 0.018

A 3.16 Coffin

8 2.96 Upright
C 2.82 Warehouse

PSE = 0.004

A 3.28 Cof f in

BA 3.13 Upright
B 2.93 Warehouse

PSE = 0.016

A 3.30 Coffin

B 2.94 Upright
B 2.89 Warehouse

PSE ~ 0.010

No signif icant
d if f erence

PSE - 0,084

A 3.16 Coffin

B 2.96 Warehouse

B 2,94 Upright
PSE ~ 0.011

A 3.36 Coffin

BA 2.92 Upright
B 2.84 Warehouse

PSE 0.027

A 3.35 Coffin

A 3.20 Upright
B 2.82 Warehouse

PSE 0.021

A 3.34 Coff in

B 2. 96 Warehouse

C 2 ' 88 Upright
PSE ~ 0.002

A 3.25 Upright
B 3.03 Warehouse

PSE 0. 010
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Figure 15. Honthly moisture-free/ash-iree thiamine concentrations for
the warehouse, coffin, and upright freezers.

J. Riboflavin

No consistent trend or patterns were observed for riooflavin concen-
trations on a wet  Figure lb! or moisture-freejash-free basis  Figure
17!. Initial and final riboflavin concentrations for the wholesale,
coffin, and upright freezers were 0.071 mg/1UOg, U.U31 mg/100g; 0.0o8
mg/1UOg, U.U37 mg/100g; and O.Ub3 mg/100g, O. J4! mg/100g, respectively.
Riboflavin levels were not interpreted by the HAS program.

K ~

Trimethylamine concentrations an a wet weight  Figure 18! or
moisture-free/ash-free basis  Figure 19j revealed no consistent patterns
or differences among the treatment conditions.

.'monthly mean significant differences in trimethylamine  TilA! and
moisture-free/ash-free T'1A determined by Tukey's studentized range test
are listed, respectively, in Tables 12 and 13. On a wet weight basis,
the coffin freezer samples had significantly nigher T"N levels than the
upright or warehouse freezer samples in February, .I arch, and July 1r83.
Although significant differences in mean moisture-free/ash-free T<iA
concentrations were noted for August 1'982, October 1982, December 1962,
February 1983, /arch 1983, July 1983, and August 1'983, no consistent
pattern by storage location was discerned.
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Trirrrethylamine
mg/100g

Mean Freezer Mean Freezer

Aug 82

March 83

Sept 82 No significant
difference

PSE = 0.773

~Arii 83Oct 82

Nov 82 ~Ne 83

June 83Dec 82

July 83Jan 83

~Ar 83

Table 12. Mean trimethylamine levels mg/100g shrimp, significantly
different at the 0.05 level and pooled standard error  PSE!,
Tukey's studentized range test. Means with the same letter
are not significantly different.

Month

July 82

No signif icant
d if f e rene e

PSE = 0.682

No sign if icant
difference

PSE w 0.089

No signi f icant
difference

PSE 0.155

No significant
dif f er ence

PSE 0.258

No signif icant
difference

PSR ~ 0.328

Month

Feb 83 A 15.60 Cof f in

A 14.62 Upright
B 5.79 Warehouse
PSE = 0.389

A 8.16 Coffin

8 3.42 Upr ight
B 2.90 Warehouse

PSE ~ 0.179

No signif icant
d i f f er ence

PSE = 0.433

No signif icant
difference

PSE ~ 0.128

No signif icant
difference

PSE 0.082

A 18.62 Coffin

B 15 . 37 Upr ight
B 12.41 Warehouse

PSE 0.187

No significant
d if f er ence

PSE 0.190
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Figure 17 ' Monthly otoisture-free/ash-free riboflavin levels for the
warehouse, coffin, and upright freezers.
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Moisture-Fr ee/Ash-Fr ee Tr imet hylamine
mg/100g

Mean FreezerFreezerMonth Mean

March 83

~8e r 82

~Ar ll 83
Oct 82

~283 83

Nov 82

June 83

Dec 82

~Jul 83

Jan 83

Table 13. Mean moisture-free/ash-free trimethylamine levels, mg/100g
shrimp, signif icantly different at: the 0.05 level and pooled
standard error  PSE!, Tukey's studentized test. Means with
the same letter are not significantly different.

A 56 . 54 War chouse

A 47.42 Coffin

B 14.78 Upright
PSE ~ 2.75

No significant
difference

PSE 3.209

A 21.04 Upright
B 15.52 Coffin

B 15.46 Warehouse

PSE ~ 0.271

No significant
difference

PSE 0.312

A 26.81 Coffin

BA, 23r89 Warehouse

B 21.28 Upright
PSE ~ 0.523

No significant
difference

PSE ~ 1.317

Month

Feb 83 A 40.22 Upright
A 33.91 Coffin

8 15.50 Warehouse

PSF. = 0.998

A 19.38 Coffin

B 7.96 Upright
C 7 . 41 Warehouse

PSE - 0.194

No significant
difference

PSE = 1,643

No significant
diff erence

PSE 0. 222

No significant
difference

PSF. ~ 0.244

A 43.13 Coffin

A 40.05 Upright
B 31.45 Warehouse

PSE ~ 0.333

A 19 . 72 War ehou se

B 13. 78 Upright
PSE - 0.414
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Figure kd. Mean monthly trimethylamine levels for the warehouse,
coffin, and upright freezers'

8 20
10

0 dsd 4001 001 ffsr Dec Jss f 44 21sr ~ 12s 2 Jrrrrs JM1Y
44421tf14 Of SfOrdgs

Figure 19. Mean mOnthly mOiSture-f ree/aSh-f ree trifsethylamine levelS
for the warehouse, coffin, and upright f reezers.
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L..'licrobiolo ical ~Anal ses

All samples examined microbiologicaily were within Georgia Depart-
atent of Agriculture Guidelines for raw breaded shrimp. ihonthly mean
aerobic. plate counts, NPN total coliforms, and MPN coagulase positive
staphylococci levels were depicted in Figures 20, 21, and 22, respect-
ively. No E. coli organisms were detected, with all NPN total E. cali

levels equal to � organisms/g. ~ Wholesale freezer
~ -~ Coffin treezer

Upright freezer10

a E 10
a

V!

0 Cp
10

CL
CO

E C af
fs

o' 10 Jot ffoe Qao Jm Feb liar Apr IACV ~ ~fY a"g
Months of Storage

Figure 20. Nonthly aerobic plate counts for the warehouse, coffin,
and upright f reezers ~

The standard aerobic plate count data was analyzed by Tukey's
studentized range test �.05 level!. Although significant differences
among the means at each storage location were shown for nine of the
sampled months, no consistent pattern with location was discernable
 Table 14!.

il. Taste Panel

Seven taste panel members were available monthly to evaluate the
textural and flavor CharacteristiCS of frosen breaded shrimp  Figures
22 - 33!.
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Figure 21. 61onthly NPN total coliform organisms for the warehouse,
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Standard Plate Count

Or g/g

Mean Freezer Mean Freezer

March 83

Sept 82 A 1.03 x 10
BA 5.25 x 104
B 2.95 x 10

PSK = 5.16 x April 83 No signif icant
d if f e rene e

PSE 8.25 x 103Oct 82 Ho 8ignif icant
dif f erence

PSE ~ 1.13 x 104 May 83 No significant
d if f erenc e

PSE = 8.85 x 103Nov 82

June 83 No signi,f icant
difference

PSE 2.42 x 10
Dec 82

July 83

Jan 83

A 6,60 x 10 Warehouse

B 2.40 x 10 Upright
PSE 1.12 x 103

Aug 83

Table 14. Mean standard plate count, org/g, signif icantly diff erent at
the 0. 05 level and pooled standard error  PSE!, Tukey' s
studentized range test, Means with the same letter are not
s ignif icantly d if f erent.

Month

July 82

Aug 82 A 4.50 x 105
B 1.41 x 10

B 1.24 x 105
PSE 8.85 x

A 9.65 x 10

A 7.85 x 10

B 4.20 x 10
PSE = 2.22 x

A 2.78 x 105
B 1.08 x 105
B 5.95 x 104
PSE ~ 7.75 x

A 3.85 x 105
B 2.22 x 10

B 1.70 x 105
PSE 1.54 x

Cof f in

Upright
War ehou se

103

Warehouse

Upr ight
Cof fin

103

War chouse

Coff in

Upright
103

Warehouse

Upri.ght
Coffin

103

Cof f in

Warehouse

upright
10

Mon th

Feb 83 A 4.00 x 105
BA 1.85 x 10

B 1.02 x 105
PSK 2.42 x

A 1.24 x 105
B 6.30 x 10

4

B 4.15 x 10

PSE~447x

A 1.28 x 105
B 7.15 x 10

B 3.18 x 10

PSE 5.48 x

Coffin

Upr ight
Warehouse

104

Coffin

Warehouse

Upright
103

War chouse

Upr ight
Coffin

103
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I[a r dneS s

The mean hardness rating of shrimp  Figure 23! stored in the coffin
freezer exceeded all other samples in October 1982 � ~ 50! and continued
to do so until the end of the study �.11!. The initial hardness value
for the horizontal freezer was 2.29. The perceived hardness of shrimp
from the upright freezer exceeded the hardness of the wholesale samples
in llay 1983 �.50! and remained greater than those samples until the end
of the study �.75!. As with the other retaiL sample, the final hard-
ness level exceeded the initial hardness value �.14! ~ The hardness of the
wholesale shrimp decreased from 3.00 in August 1982 to 2.00 in August 1953.
The hardness of the control sample ranged between 2.00 and 2.79.

Mean taste panel haraness values significantly different at the 0.05
level, determined by Tukey's studentized range test, are listed in Table
15 for each storage location and for the latest production date sample of
shrimp. Freahly produCed frOzen breaded shrimp served as the monthly
taste panel control. The November 1952  four months storage! hardness
rating for shrimp held in the coffin freezer was signficantly greater
than shrimp hardness determined for the other storage locations. The
coffin freezer samples remained greater than the others for each
succeeding month, except for March 1953  eight months storage!, when
there was no signficiant difference between the coffin freezer hardness
ann the upright freezer. No consistent differences were noted for the
other storage locations.

S GKllKR.
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Figure 23. Mean monthLy hardness Levels for control, warehouse,
coffin, and upright samples.
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Hardness

Mont h Mean Freezer Month Mean Freezer

July 82 Feb 83

Aug 82 PSE 0. 054

March 83

Sept 82

PSE ~ 0.085

April 83

Oct 82

PSE ~ 0. 093

May 83

Nov 82

PSE = 0. 086

June 83

Dec 82

PSE 0.082

Jan 83

PSE 0. 067

~Au'Q 8 3

PSE = 0. 093

Mean hardness significantly different at the 0.05 level and
pooled standard error  PSE!, Tukey's studentized range test.
Means with the same letter are not signif icantly different.

Table 15.

A 3.08 Warehouse

B 2.36 Control

PSE 0.106

No significant
difference

PSE = 0.087

A 3.08 Warehouse

A 2.79 Coffin

A 2.79 Upright
B 2.21 Control

PSE = 0.59

A 3.50 Cof f in

A 3.00 Warehouse

B 2.29 Control

B 2.25 Upright
PSE 0. 076

A 3 ~ 54 Coffin

B 2.82 Warehouse

B 2.79 Control

B 2. 54 Upr ight
PSE 0.092

A 4.11 Coffin

B 2.57 Upright
8 2.50 Warehouse

B 2.18 Control
PSE = 0.058

A 3.93 Coffin

B 2,61 Upright
B 2.57 Warehouse

B 2.36 Control

PSE = 0.088

A 3.61

B 2.25

B 2.18

B 2.14

A 3.36

BA 2.93

B 2.57

B 2.36

A 3.71

B 2.93

B 2.71

B 2.25

A 3.17

B 2.50

B 2.46

B 1.93

A 4.04

B 2.93

B 2.89

B 2.43

A 4,07

B 3.11

B 2.64

C 2.43

A 2.75

BA 2.43

B 2.00

Cof f in

Warehou se

Upright
Control

Cof f in

Upright
War ehou se

Control

Cof f in

War ehou se
Control

Upright

Cof f in

Upr i.ght
Warehouse

Control

Cof f in

Upr ight
Warehouse

Control.

Cof f in

Upr ight
Warehouse

Control

Upr ight
Control

Warehouse
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O. L'hewiness

The cheviness results  Figure 24! vere similar to the hardness data.
The horizontal freezer samples exceeded all other samples in november
1982 �.50! and remained greater than the other determinations through
July 1963 �.21!. Vertical. freezer determinations exceeded or were equal
to the wholesale values beginning in February 1953, and exceeded them
from June 1983 through the end of the study. Cheviness ratings for the
coffin freezer increased fron an initial value of 2.3b to 4.21, and for
the upright freezer from 2.29 to 2.75. Cheviness of the wholesale shrimp
decreased from an initial value of 3.14 to a final characterization of2.O7. The controi samples ranged from 2.~4 to 2.>7. GNIK RJiUl

NOIR

GFF Ik

LFRIEHI
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Figure 24. !iean r onthly chewiness levels for control, warehouse,
coffin, and upright samples.

The perceiveu chewiness of the shrimp stored in tne coffin freezer
 Table ib! followeu a pattern similar to the hardness ratings, with the
coffin freezer samples rated significantly chewier than the warehouse
freezer samples f rom October 19g2  three montns storage! through July
1983  twelve months storage!. Horizontal samples were significantly
greater than upright samples for the same period, with the exception of
March 1983 when no significant differences between the two freezers vas
detected. The chewiness ratings of the upright samples were significantly
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Chewiness

Mean Freezer Month Mean Freezer

Feb 83

Aug 82 PSE = 0.068

March 83

Sept 82

PSE = 0.088

April 83

Oct 82

PSE 0.090

~Ma 83

Nov 82

PSE ~ 0.086

June 83

Dec 82

PSE 0.068

Jan 83

PSE = 0. 068

Aug 83

PSE = 0.097

Table l6, Mean chewiness signif icantly diff erent at the 0. 05 level and
pooled standard error  PSK!, Tukey's studentfzed range test.
Means with the same letter are not significantly different.

Mont h

July 82 A 3,l4 Warehouse
B 2.50 Control

PSK ~ 0.113

No signif icant
difference

PSE = 0.087

A 3.21 Warehouse
BA 2.71 Coffin

BA 2.61 Upright
B 2.36 Control

PSE = 0,088

A 3.46 Coff in

B 2.75 Warehouse

B 2.46 Upright
B 2.36 Control

PSE 0.079

A 3.50 Coffin

B 2.68 Warehouse

B 2.58 Upright
B 2.29 Control

PSE ~ 0.079

A 4.07 Coffin

B 2.36 Upright
B 2.36 Warehouse
B 2.04 Control
PSE - 0.062

A 3.75 Cof f in

B 2.54 Upright
B 2.50 Control

B 2.46 Warehouse

PSE = 0.075

A 3.75

B 2.57

B 2.39

B 2.36

A 3.36

BA 3.07

CB 2.50

C 2.32

A 3.71

B 2.93
B 2.93

C 2.04

A 3.32

B 2.57

B 2.57

B 2.29

A 4.07

B 3.07

CB 2.89
C 2.39

A 4.21

B 3.00

C 2.43

C 2.18

A 2.75

BA 2.50

B 2.07

Coffin

Control

Upright
Warehouse

Cof f in

Upr ight
Warehouse

Control

Coff in

Upr ight
Warehouse

Control

Coff in

Upright
Warehouse

Control

Cof f in

Upr ight
War ehou se

Control

Coff in

Upright
Warehouse

Control

Upright
Control

Warehouse
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greater than the warehouse samples in July at.d August 1963 following
twelve and thirteen months of storage.

P. Fibrousness

The fibrousness rating  Figure 25! for the horizontal freezer
samples rose from the initial value of 2.37 Lo 3.62 in July 1983, ex-
ceeding all other sample levels from October 1982 through the end of the
testing period. tlo other differences were apparent. The initial and
final values of the wholesale, upright, coffin, and control samples were
as follows: 2.43, 2.21; 2.36, 2.68; and 2.57', 3.82. The control samples
ranged from 1.I36 to 2.b7.

The mean fibrousness level of the breaded shrimp stored in the hori-
zontal freezer was significantly greater LTabie 17! than the ratings for
the upright and/or warehouse freezers from i!ecember 1982  five months
storage! through July 19I33  twelve months storage!. 'Ao significant
differences in perceived fibrousness were det=rmined between the uprightand warehouse freezers. QMKL

HBQSE
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SRIEHT

J II 5 0 II 0 J F II R II J J II 5

Figure 25- !tean monthly fibrousness levels for control, warehouse,
cof fin, and upright samples ~
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Fi.brou sne ss

Mean Freezer Mean Freezer

Aug 82

March 83

Sept 82

April 83

Oct 82

Nov 82 ~Na 83

Dec 82

June 83

Jan 83

July 83

Aug 83

Table 17. Mean fibrousness levels significantly different at the 0.05
level and pooled standard error  PSK!, Tukey's studentized
range test. Means with the same letter are not significantly
d if f er ent.

Month

July 82 No s ign if icant
diff erence

FSE 0.088

No significant
difference

PSE = 0.083

A 2.82 Upright
A 2.79 Cof f in

A 2. 79 Warehouse

B 2.21 Control

PSE 0.069

No signif icant
difference

PSE 0.091

No signif icant
dif f erence

PSE = 0.093

A 3.86 Coffin

B 2.39 Upright
B 2.29 Warehouse

C 1.86 Control
PSE = 0.057

A 3.57 Coffin

B 2.71 Control

B 2 . 64 Upr ight
B 2.32 Warehouse

PSE 0.088

Month

Feb 83 A 3.18 Coffin

B 2.57 Upright
B 2.50 Control

B 2.04 Warehause
FSE 0.081

A 3.14 Cof f in

BA 2. 75 Upr ight
B 2. 43 Control
B 2.11 Warehouse

PSE ~ 0. 093

A 3.25 Coffin

A 3.07 Upright
BA 2.64 Warehouse
B 2.11 Control

PSE ~ 0.084

A 3.25 Coffin

BA 2.68 Warehouse

B 2.54 Control

B 2.50 Upright
FSE ~ 0.090

A 3.86 Coffin

B 2.93 Upright
CB 2.68 Warehouse

C 2.11 Control

PSE ~ 0 084

A 3.82 Coff in

B 2.96 Upright
B 2.39 Warehouse

B 2.32 Can.trol

PSF. ~ 0.110

No s ign if ican t
diff erence

PSE 0. 092
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Figure 2e. Mean monthly moistness levels for control, warehouse,
coffin, and upright freezers.

Moistness

The moistness rating for shrimp  Figure 2b! stored in the coffin
freezer was less than the other samples on all occasions, with an initial
value of 2.93  August 1982! and a final value of 1.14  July 1983!. The
upright freezer samples had an initial value of 3.29  August 1982! and a
final value of 2.15  August 1983!. Moistness levels fell below the
wholesale and control samples in May 1983 anu stayed below them until the
end of the study. Perceived moistness for the wholesale samples began at
2.79 and ended at 2.93. Control moistness ranged from 2.61 to 3.b4.

Significant aifferences in mean moistness determined by the taste
panel  Table 15 ! place the moistness level of the coffin freezer samples
below the other experimental treatments on eight of ten sampling trials,
from October 1982  three months storage! through July 1983  twelve months
storage!. The exceptions are March and May 1953 when no significant
differences among the treatments were determined. The moistness ratings
closely parallel the actual percent moisture levels listed in Table
b. The upright freezer exhibited significantly greater moistness and
moisture values i,n October  three months storage! and November 1982  four
months storage!. Hoth levels occurred concurrently with the highest
temperatures recorded for the upright freezers, s maximum of 3 C
 Figure 3!. The moistness levels of the upright freezer samples were
rated significantly less than the warehouse freezer samples in June and
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Mo istness

MonthMean Mean FreezerFreezer

Feb 83A 3.43 Control

B 2.79 Warehouse

PSE = 0.089

No signif icant
d if f erence

PSE = 0. 849

Aug 82

March 83

Sept 82

Apr il 83

A 3. 71 Upright
B 3.04 Warehouse

CB 2.82 Control

C 2.32 Coff in

PSE = 0.103

Oct 82

May 83

A 3.71 Upright
B 3.04 Warehouse

CB 2.82 Control

C 2.32 Coffin

PSE = 0.091

Nov 82

June 83

A 3. 43 Upr ight
A 3.21 Control
A 3.18 Warehouse

B 1.43 Coffin

PSE = 0. 067

Dec 82

.July 83

A 3.21 Control

A 3.14 Upright
A 2.82 Warehouse

B 1.64 Coffin

PSE = 0.081

Jan 83

~Au 83

Table 18. Mean moistness levels significantly different at the 0.05 level
and pooled standard error  PSE!, Tukey' s studentized range test.
Means with the same letter are not signif icantly dif ferent.

Mont h

July 82

A 3.64

BA 3.00

B 2.86

B 2.57

PSE = 0

Control
War ehou se

Upr ight
Coff in

095

A 3.18 Warehouse

A 2.86 Upright
A 2.68 Control

B 1.96 Coffin

PSE = 0.083

A 3.39 Control

BA 3. 11 Warehouse

B 2.57 Upright
B 2.36 Coffin

PSE = 0.105

A 3. 29 Control

B 2. 57 Upr ight
CB 2. 25 Warehouse

C 1.82 Coffin

PSE - 0.069

A 3,57 Control

B 2.82 Warehouse

B 2. 61 Upr ight
B 2.50 Coff in

PSE ~ 0.088

A 3.14 Control

BA 2.71 Warehouse

B 2.39 Upright
C 1.57 Coffin

PSE 0.799

A 3.14 Control

A 2.89 Warehouse

B 2.21 Upright
C 1.14 Coffin

PSE 0.085

No sign if icant
d if f erenc e

PSE = 0.010



July 1983 following eleven and twelve months storage, but no significant
diiference was determined between the samples in August 1983. However,
fresh product from the warehouse freezer was delivered to the upright
freezer on 6 July 1953  Table I!.

k. ~oil ttouth ~Coatin

The control sample oily mouth coating rating  Figure 27! was con-
sistently less than the experimental samples. Table 19 shows that the
perceived oily mouth coating of the control sample was significantly less
than one or more of the experimental samples .'n 9 of 14 months. No other
trenu was noted.

S. Overall ~Shrtu ~lntaneit

The overall shrimp intensity of horizontal freezer shrimp � igure
2b! with an initial value of 1.bb was less Chan that. perCeived for whole-
sale shrimp on all occasions. Shrimp intensity remained below reported
vertical freezer values from December 19b2 with a minimum value of V.39
in June 1983 and a final value of 0.71 in July 1983. Upright freezer in-
tensities vere less than wholesale freezer samples on ten occasions and
remained below tnem from June 1983 through August 1953. Initial and
final values were 1.78 and 1.71, respectively, Initial and final whole-
sale levels were 2.07 and 2.39 ' Control samples ranged between 2,1> and
3.32 '

Beginning in December 1982  following five months storage! the
horizontal freezer samples rated significantly iess than the other
samples for overall shrimp flavor  Table 2|!!. The upright freezer
levels were significantly less than perceivea for the warehouse freezer
during the last three months of the study  eleven � thirteen monthS
storage!. No other consistent pattern of monthiy significant differences
were determined.

T. Sweet

Perceived sweet levels  Figure 29! from the shrimp stored in the
horizontal freezer were less chan all other evaiuated shrimp except for
the November 1982 sample, �.93! which was greacer than the upright
freezer value of 1.58. Initial and final horizontal freezer levels were

l.bb and O.ol. Upright freezer evaluations of sweetness were less than
tabulated wholesale freezer levels on all but two occasions, September
1982 �.0U upright, 1.93 wholesale! and May 1953 �.UU upright, 1.8b
wholesale!. Initial and final vertical freezer samples were evaluated at
2e22 and 1.bb, respectively. In contrast co the retail samples, the
perceived sweetness of the wholesale sample increased from an initial
value of 1.93 to a final level of 2.39. The =ontrol sample ranged from
2.14 to 3.29.



Oily Mouth Coating

Mean Fr eezer Mean Freezer

Aug 82

March 83

Sept 82

April 83

Oct 82

May 8:3

Nov 82

June 83

Dec 82

Jan 83 July 83

Aug 83

Table 19. Mean oily mouth coating levels significantly different at the
0.05 level and pooled standard error  PSE!, Tukey's studentized
range test. Means with the same letter are not significantly
different.

Month

July 82 No signif icant
dif ference

PSE = 0.130

A 3.29 Upright
BA 2. 93 Cof f in

BA 2. 93 Warehouse

B 2,57 Control

PSE = 0.070

No signif icant
d if f erence

PSE = 0. 085

A 2.75 Upright
BA 2.50 Coff in

BA 2.43 Warehouse

B 1,86 Control

PSE = 0.100

A 2. 46 Upr ight
A 2.36 Warehouse

BA 2,07 Coffin

B 1.64 Control

PSE = 0.090

No signif icant
difference

PSE = 0.088

No signif icant
dif ference

PSE ~ 0. 087

Month

Feb 82 A 2.89 Warehouse

BA 2.54 Upright
B 2 29 Coffin

C 1.64 Control

PSE ~ 0. 081

A 2. 86 Upr ight
A 2.61 Cof f in

A 2.57 Warehouse

B 1.79 Control

PSE = 0.099

A 2.86 Coff in

BA 2.68 Upright
BA 2.57 Warehouse

B 2.11 Control

PSE ~ 0.096

A 3.11 Warehouse
A 3.07 Cof f in

BA 2.61 Upright
B 2.39 Control

PSE = 0.073

A 2.86 Upright
A 2. 82 Cof f in

A 2,75 Warehouse

B 1.93 Control
PSE ~ 0. 077

No signif icant
d if f er ence

PSE ~ 0.106

A 2. 68 Upr ight
A 2.61 Warehouse

B 1.79 Control
FSR = 0.092
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Figure 27 Aean monthly oily mouth coating levels for control,
warehouse, coffin, and upright samples.
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Figure 28 ~ i[can monthly overall shrimp i.ntensity for control,
warehouse, coffin. and upright samples.



Overall Shrimp

FreezerMont hMonth Mean Freezer Mean

Feb 83Ju1y 82 A 2.86 Control

B 2.00 Warehouse

B 1.68 Upright
C 1.07 Coff in

PSE 0.068Aug 82

March 83

Sept 82

Apr il 83

Oct 82

May 83

PSE 0.113Nov 82

June 83

PSE ~ 0, 097Dec 82

July 83

Jan 83

Aug 8:- A 3.00 . Control

B 2. 39 Warehouse

C 1.71 Upright
PSE = 0.091

Mean overall shrimp levels signif icantly different at the 0.05
leveL and pooled standard error  PSE!, Tukey's studentized range
test. Means with the same letter are not signif icantly different.

Table 20,

A 2.71 Control

B 2.07 Warehouse

PSE = 0.094

A 2.21 Control

A 2.14 Warehouse

BA 1.79 Upright
B 1 64 Coffin

PSE = 0.104

A 2. 93 Control

B 2.21 Upright
B 2. 07 War chouse

B 2 04 Coffin
PSE = 0. 095

A 2.79 Control

BA 2.32 Warehouse

CB 1. 71 Upr ight,
C 1.64 Coffin

PSE = 0.104

A 2.86 Control

A 2.36 Warehouse

B 1.71 Coffin

B l. 71 Upright
PSE - 0. 078

A 3.32 Control

A 3. 00 War chouse

B 2.39 Upright
C 1.50 Coff in
PSE = 0.058

A 2.36 Warehouse

A 2.14 Control

A 2. 11 Upright
B 1.29 Coffin

PSE = 0,110

A 2.86

A 2.54

B 1.64

B 1.50

PSE 0

A 2.75

BA 2.29

B 2.04

C 1.14

PSE 0

A 2.89

B 1.89

B 1.82

C 1.04

A 2.50

A 2.25

B 1.75

C 0.39

A 3.07

A 2.53

B 1.89

C 0.71

PSE 0

Control

Warehouse

Upright
Cof f in

102

Control

Upr ight
Ware hou se

Coff in

099

ControL

Upright
Warehouse

Coff in

Control

Warehouse

Upright
Coff in

Control

Warehouse

Upright
Coff in

126



Gonsistent monthly significant diiterences in sweetness  Taole 21!
were not apparent until June 1953  following eleven months storage!. The
coffin freezer levels were significantly less than the other experimental
treatments for June and July 1963. Sweetness ratin~s for the upright
freezer samples were significantly less than the warehouse freezer on
five occasions, Vovember 1982, February 19b3,;larcn 19d3, June 1983, and
August 1983, but no patterns of variations were distinguished.
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Figure 29. Nean monthly sweet intensity for control, warehouse,
coffin, and upright samples.

U. ~Butt ~Butter

The initial nutty buttery rating of shrimp  Figure 30! stored in the
horizontal freezer fell from 2.71 to 0.9b at =he end of the study with a
minimum oi 0.57 in June 1953 ' The flavor rating remained below the
wholesale level beginning in tVovember l9b2 and below the upright freezer
ratings following December 1982. The perceivea nutty buttery flavor from
shrimp stored in the upright freezer was less than that observed in the
wholesale shrimp for nine months of the study., with initial and final
values of 2.bb and 1.59, respectively. The f..nal three samples rated less
than the wholesale shrimp. hiholesale ratings began at 2.!8 and ended at
2e43, with a mini~urn value of 2 ' ll observed in ."!ay 1983 ' Control levels
ranged from 2.11 to 3.28.

The perceived values of nutty buttery flavor for shrimp stored in
the coffin freezer were significantly less than the warehouse and/or



Sweet

Mean Freezer Month Mean Freezer

Feb 83

PSE = 0 054Aug 82

Mar ch 83

Sept 82

PSE 0. 094

April 82

Oct 82

PSE = 0. 108

May 83

Nov 82

PSE ~ 0. 089

June 83

Dec 82

PSE ~ 0.080

July 83

Jan 83

PSE = 0.108

Aug 83

PSE = 0 115

Table 21. Mean sweetness levels significantly different at the 0.05 level
and pooled standard error  PSE!, Tukey's studentized range test.
Means with the same letter are not significantly different.

Mont h

July 82 A 2.50 Control

B 1.93 Warehouse

PSE = 0.088

No significant
d if f er ence

PSE = 0.091

A 3.00 Control

B 2.00 Upright
B 1. 93 Warehouse

B 1 79 Coffin

PSE = 0.085

A 2. 50 Control

BA 1, 93 Warehouse

BA 1.86 Upright
B 1.57 Coffin

PSE = 0.094

A 2.57 Control

BA 2.29 Warehouse

CB 1.93 Coff in

C 1. 57 Upr ight
PSE 0.080

A 3. 29 Control

BA 2.79 Warehouse

B 2.50 Upr ight
C 1.29 Cof f in

PSE = 0.078

A 2.71 Warehouse

BA 2.64 Control

BA 2. 14 Upr ight
B 1.93 Coffin

PSE = 0.099

A 2,79

A 2 . 4.3

B 1 . 93

C 1, 1 4

A 2.50

A 2.18

B 1.43

B 1.29

A 2.14

A 1.96

A 1.93

B 0.79

A 2.57

BA 2.00

BA 1.93

B 1.39

A 2.75

A 2.43

B 1.75

C 0.46

A 2.93

BA 2.57
B 193

C 0.61

A 3.07

A 2,39

B 1.68

Control

Warehouse

Upright
Coff in

Control

War chouse

Upr ight
Coffin

Control

Warehouse

Upr ight
Coff in

Control

Upr ight
Warehouse

Cof f in

Control

Warehouse

Upr ight
Coff in

Control
Warehouse

Upr ight
Cof f in

Control

War ehou se
U'pr ight



upright freezer for seven of the last eight samples  five � twelve months
storage!  Table 22!. 11ay 19b3  ten months storage! showed no significant
differences between the experimental groups. Fresh shrimp samples had
been delivered to both retail locations the I:receeding month, 27 April
1953. The nutty buttery rankings of the upright freezer were signifi-
cantly less than those of the warehouse freezer for the final three
months of storage  June � August 1953!. No other patterns were noted.
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Figure 30. Mean monthly nutty buttery flavor for control,
warehouse, coffin, and upright samples ~

V. Old Seafood Flavors

Taste panel members perceived old seaf ood flavors in shrimp f or the
coffin freezer  Figure 31! to be greater than the wholesale samples on
all occasions and greater than the upright f reezer f rom December 1982
through the end of the study. Initial and final values were 1.b4 and
3.39 with a maximum level of 3.75  July 19g3>. The product from the
vertical freezer exceeded the levels found in the wholesale freezer on
all sampling dates except Nay 19tI3 �.25 verti"al, 1.46 wholesale!.
Initial and final vertical freezer levels were 7.07 and 1.68. Initial and
final levels found in the wholesale freezer were 1.29 and 0.29 with
peaks of 1.71  September 1982 ! and 1.46  i'lay 1.983 !. Control values
ranged from O.O to 1.00.



Nutty Buttery

Mean Freezer Month FreezerMean

Feb 83

Aug 82 PSE = 0.065

March 83

Sept 82

PSE = 0. 101

April 83

Oct 82

PSE 0,081

May 8" Control

Upright
War eho u se

Coff in

083

Nov 82

Dec 82 A 2.68

A 2.46

B 1.82

C 0.57

PSE 0,

June 83

Jan 83 July 83

Aug 83 A 2.71 Control

A 2. 43 War ehou se

B 1.89 Cof f in

PSE = 0. 080

Table 22. Mean nutty buttery levels significantly different at the. 0.05
level and and pooled standard error  PSE!, Tukey's studentized
range test. Means with the serac letter are not significantly
different.

Month

July 82 No significant
dif ference

PSE = 0.089

No s ignif icant
difference

PSE = 0.081

A 2.71 Control

BA 2.43 Coffin

BA 2.43 Warehouse

B 2.07 Upright
PSE = 0. 080

A 2. 79 Control

BA 2.50 Upright
BA 2, 50 War chouse

B l. 93 Cof f in

PSE = 0.083

No s ign i.f ic ant
dif ference

PSE = 0.099

A 3.29 Control

B 2. 4 3 War ehou se

B 2.29 Upright
C 1.36 Coffin

PSE = 0.065

A 2.64 Warehouse

BA 2.43 Control

BA 2.29 Upright
B 1.86 Coffin

PSE = 0.081

A 2.79

BA 2.57

B 2.14

C 1.36

A 2.86

A 2.75

BA 2.29

B 1.82

A 2.29

A 2.14

A 2.11

B 1.29

A 2.93

B 2.25

B 2.11

B 1.86

PSE 0

A 3.14

A 2,71

B 2.04

C 0.96

PSE ~ 0

Control.

Warehouse

Upright
Coffin

Control

Warehouse

Upright
Coffin

Upr ight
Warehouse
Control

Coff in

Control

Warehouse

Upr ight
Coffin

065

Control

War ehou se

Upright
Cof f in

073



4g

GKRR. kJiLJil

ll%06J5E

GF IH

lFRIEHT

II 5 0 II II J F II II II J J fl 5

Figure 31. >Tean monthly old seafood flavor for control, warehouse,
coffin, and upright samples.

The mean levels of old seafood flavors detected in the coffin.
freezer samples were significantly greater than al1 other samples from
October 1982  three months storage! through July 1983  twelve months
storage!  Table 23!. The levels remained significantly "reater than tne
other areas except for the November 1982 and April 1983 coffin freezer
samples whicn were preceeded by a 19 October L982 and 2 !larch 1983
restocking of the freezers with breaded shrimp from I.ne warehouse
freezer. The perceived mean significant differences in old seafood
flavor for the upright freezer exhibited an interesting pattern. october
and November 1952 samples  three and four months storage! were signfi-
cantly greater than warehouse samples and reflected the elevated storage
temperatures associated with the upright ireezer for those months. The
old seafood level that was significantly greater than the warehouse value
in February 1963  seven months storage! occurreo three months after the
November 1982 stocking of the uprigIit freezer. The control sample nad
significantly less perceived old seafood flavors than the warehouse
freezer for nine of fourteen sample months; however, the last three
months of the study exhibited no significant. uifferences between the two
samples.

Freezer 2urn

Perceived freezer burn  Figure 32! from the coffin freezer samples
exceeded the levels detected in all wholesale freezer samples except
September 1982  l.07 coffin, 1.L� wholesale!, Freezer burn ratings were
greater than the upright freezer samples trom december 1982 through the
end of the study. Tnitial and final horizont.,~l freezer values were 1.14



Old Seafood

Mont h Fr eezer Mean Freezer

~Jul 82 A 1.36 Warehouse

B 0.64 Control

PSE ~ 0.103

A~u8 2 PSE 0. 070

March 83

PSE = 0.063

Sept 82 PSE = 0.082

~Auil 83

PSE = 0.075

Oct 82 PSE = 0. 084

~MA 83

PSE = 0.081

Nov 82 PSE ~ 0. 090

t'une 8 3

PSE = 0.080

Dec 82 PSE ~ 0. 062

J~ul 8'3

PSE = 0. 077

Jan 83 PSE = 0. 078

A~u8 3

PSE = 0.078

PSE = 0.076

seafood levels significantly different at the 0.05 levelTable 23. Mean old

and pooled standard error  PSE!, Tukey's studentized range test.
Means with the same letter are not signif icantly different.

A 2.07

BA 1.64

BA 1.36

B 1.00

A 2.00

A 2.00

A 1.71

B 0.50

A 2.57

B 1.79

C 1.00

D 0.00

A 1..79

A 1.57

B 0.71

C 0.07

A 3.14

B 1.00

B 0.64

C 0.07

A 2.36

B 1.36

CB 0.64

C 0.14

Upr ight
Coffin

Warehouse

Control

Coffin

Upright
Warehouse

Control

Cof f in

Upr ight
War ehou se

ControI

Upr ight
Coffin

Warehouse

Control

Coff in

Upr ight
War chouse

Control

Cof f in

Upr i,ght
War chouse

Control

Month

Feb 83 A 3.46

B 1.43
r 0.71

D 0.00

A 2.43

BA 1,79

B 1.07

C 0.29

A 2.07

A 1 .54

A 1.39

B 0.00

A 2.86

B 1.46

CB 1.25

C 0.43

A 3.75

B 1.54

C 0.64

C 0.29

A 3.39

B 1.46

C 0.36

C 0.00

A 1.68

B 0.29

B 0.00

Cof f in.

Upright
War ehou se

Control

Cof f in

Upr ight
War chouse

Control

Cof f in

Upr ight
Warehouse

Control

Cof f in

Warehouse

Upr ight
Control

Cof f in

Upright
Warehouse

Control

Coff in

Upr ight
Warehouse

Control

Upr ight
Warehouse

Control
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and 4.14. Upright freezer samples received Irigher freezer burn ratings
than the wholesale freezer except for the SeI>terrrber 1952 deterrrrination
� .04 upright, 1.07 wholesale!. Initial and final freezer bura ratings
were 1 ~ Ub and 2.54. Wholesale freezer burn levels began at 0.93, ended
at 0.75, and peaked at 1.75 in Nay 1983. Control samples ranged between

0.0 and 0.43. GN1liK RJkll
HSBGK

QFF III
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Figure 32. Ilean monthly freezer burn flavor for control, warehouse,
cof fin, and upright samples.

Sarrrples collected from the horizontal freezer had mean freezer burn
levels significantly greater than the warehouse freezer and control
shrimp from October 1982  three months storage! through July 1983  twelve
months storage!  Table 24!. The freezer burn ratings rrrade by panelists
for the upright freezer were significantly greater than the warehouse and
control ratings in October and November 1982 jt.nree and four montlrs
storage!. Again the high freezer terrrperatures of October and iNovember
 Figure 3! were reflectea by sensory results. The upright freezer ourn
sarrpLe levels were significantly greater tIran the warehouse ann control
shrimp in February and;Iarch  seven and eight months storage! tnree and
four rrronths af ter stocking the freezer o«12 �'ove~ber 1962  Table 1i.
r'iean monthly freezer burn levels were significantly greater than the
warehouse and control sarrrples for the final three months of the stuoy,
following eleven through thirteen months of storage. Control sample
freezer burn rankings were significantly less Chan warehouse values for
seven of fourteen samples, but no consistent pattern was determined.
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Freezet' Burn

Month Mean Fr eez er Fr eezer

~Jul 82 A 0.93 Warehouse

B 0.07 Control

PSE 0.104

Aug 82 PSE = 0.079

March 83

PSE = 0.096

PSE = 0.108Sept 82

ApriI 83

PSE 0.112

Qct 82 PSE = 0.116

May 83

PSE ~ 0.093

Nov 82 PSE ~ 0.089

June 83

PSE ~ 0.110

Dec 82 PSE = 0.091

July 83

PSE ~ 0.071

Jan 83 PSE = 0.090

Aug 83

PSE ~ 0.111

PSE 0.079

Mean freezer burn levels significantly different at the 0.05
level and pooled standard error  PSE!, Tukey's studentized
range test. Means with the same letter are not significantly
d if f eren t .

Table 24.

A 1.86

BA 1. 14

B 0.86

B 0.4.3

A 1.07

A 1.0?

A 1.04

B 0.14

A 2.11

A 1.89
B 0.9.'3

C 0.00

A 2.29

A 1.71

8 0.71

B 0.07

A 3.00

B 0.57

CB 0.43

0 0.00

A 2.36

B 1.14

CB 0.36
0 0.00

Upr ight
Coff in

War chouse

Control

Cof f in

War ehou se

Upr ight
Control

Cof f in

Upr ight
Warehouse

Control

Upright
Cof f in

War ehou se

Control

Coff in

Upr ight
War ehou se
Control

Cof fin

Upright
War ehou se

Control

Mont h

Feb 83 A 3.29

B 1.89

C 0.86

D 0.00

A 2.64

A 2.07

B 1.00

B 0.43

A 2.57

B 1,50

B 1.29

C 0.00

A 3.25

B 1.86

B 1.75

C 0.05

A 4 .04

B 2.29

C 1.14
D 0.18

A 4.14

B 2.14

C 0.64

C 0.00

A 2.54

B 0.75

C 0.00

Cof f in

Upr ight
Warehouse

Control

Coffin

Upr ight
War ehou s e

Control

Cof f in

Upright
Warehouse

Control

Coffin

Upright
Warehouse

Control

Cof f in

Upr ight
Warehouse

Control

Cof f in

Upr ight
Warehouse

Control

Upr ight
Var chouse

Control
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Panel members rated rancidity levels  figure 33! from all coi fin
freezer samples greater than the wholesale freezer samples except for
September 1982 �.93 coffin freezer, 1.UU wholesale freezer!. Coffin
randicity levels increased from 1.07  August 1962! to 2.U4  July 1983!
with a peak of 2.57 in June 19Ii3. The horizontal freezer levels remained
above the upright freezer determinations from December 1952 through the
end of the study' The vertical freezer level began at 1.43, enaed at
0,36 and reached a maximum value of 1.79  iiarch 1983! ~ Upright freezer
rancidity levels exceeded wholesale levels except for two months,
September 1982 �.UU upright freezer, 1.UU wholesale freezer! and;Jay
1&o3  U.7> vertical freezer, U.d2 wholesale freezer!. Initial and final
wholesale i'reezer randicity levels were U. i'9 «no U.U with maximum of 1.00
in September 1982. Control samples ranged between U,U and U.29.

CNIROL ILILR

HH65E

GFF IH

tPR 15HT

V t
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IQITI6 IF 579l%E

Figure 33. ;',ean monthly rancio flavor iLr control, warehouse,
coffin, and upright samples.

.'iean significant differences in rancidity patLerns for the coffin
freezer paralleled the freezer burn data witn rancidity significantly
greater than levels detected in the warehouse freezer from October
1982  three months storage! through July 1953  twelve months storage!
 Table 25!. Upright freezer samples had rancidity levels significantly
greater than warehouse shrimp on three occasions, Vi ovember 1982  three
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Rane id

Mean Freezer FreezerMean

A 1.86 Coffin

B 0.43 Upright
B 0.00 Control
B 0. 00 Warehouse
PSE = 0.067Aug 82

March 83

~Se t 82 PSE 0.123

April 33

oct 82 PSE = 0.096

May 83

Nov 82 PSE ~ 0.121

June 8 3

Dec 82 PSE 0. 103

July 83

Jan 83 PSE = 0.091

Aug 83

PSE = 0.056

Table 25. Mean rancidity levels significantly different at the 0.05 level
and pooled standard error E,'PSE!, Tukey's studentized range test.
Means with the same letter are not significantly different.

Mont h

July 82 A 0.79 Warehouse
B 0.71 Control

PSE 0.100

A 1.43 Upright
BA 1.07 Coffin

CB 0. 50 Warehouse

C 0.36 Control
PSE = 0.085

A 1.00 Upr ight
A 1.00 Warehouse

A 0.93 Coffin

B 0,07 Control
PSE = 0.098

A 1.54 Cof f in

BA 1.14 Upright
CB 0.57 Warehouse

C 0.07 Control
PSE = 0.088

A l. 18 Upr ight
A 0.71 Cof f in

B 0.14 Warehouse

B 0.07 Control

PSE ~ 0.075

A 1.71 Coffin

B 0.29 Upright
B 0.07 Warehouse
B 0.00 Control

PSE = 0.054

A 1.00 Coffin

BA 0, 50 Upright
B 0.00 Control

B 0,00 Warehouse
PSE = 0.073

Month

Feb 83

A 2.21

A 1.79

B 0.64

B 0.14

A 1.86

B 1.04

CB 0.64

C 0.00

A 2.29

B 0.82

B 0.75

B 0.21

A 2.57

B 0.75

B 0.14

B 0.00

A 2.04

B 0.50

B 0.00

B 0.00

A 0.36

B 0.00

B 0,00

Cof f in

Upright
Warehouse

Control

Coffin

Upr ight
Warehouse
Control

Cof f in

War ehou se

Upright
Control

Cof f in

Upright
Warehouse

Control

Cof f in

Upright
Control
Warehouse

Upr ight
Control

War ehou se
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months storage!, March 19a3  eight months storage!, encl August 1963
 thirteen months storage!. Control rancidity leve~s vere significantly
less than warehouse levels in July 1982 and September 1982. No other
patterns were apparent.

DISCUSSI0

Net weight, percent moisture, and ammonium levels were the most
useful chemical analyses in differentiating the three treatment condi-
tions. The wholesale product lost 4,31'. net weight uy the end ot the
storage study  Taule 2u!. The mean net weight of product stored in the
upright freezer increased 5.72' and 1>.33!., respectively, in Octooer and
November �982!, but registered a net decrease of '~.45%%d by the encl of the
study. Weight loss in the coffin freezer was greatest, with a net de-
crease of 13.44%%d when the study terminatea. icoistc>re values reflected
the net weight data  Table 27 ! . 'The wholesale f rec zer lost 0.03%%d
moisture, the upright freezer 2.52! and the coffin freezer 6.49'. Per-
cent moisture increases of 4.10/ and 5.8».' in October and November 1962
paralleled net weight gain in the upright freezer during the same months.
Maximum ammonium levels at the beginning and at the encl of the study
exhibited the same pattern: wholesale S.c>.' mg/100g � 8.75 mg/100g,
upright freezer, 10. 4 mg/100 g - 13. 2 mg/100g, and cof f in 13. 5 mg/100g�
15.6 mg/100g. Trimethylamine data failed to dif fer entiate the three
treatment conditions.

Tukey's studentized range test  Ray, 196;!! applied to the ci>emical
data indicate that net weights and percent moisture, followed by ammoniu~
levels were the most effective analyses to differentiate product
collected from the three storage areas' The mean net weights of the
coffin freezer sample were significantly less than those of the upright
and/or warehouse freezer samples from the third through the twelfth month
of storage, with the exception af the eighth and tenth months. The mean
net weights of the upright freezer samples were significantly greater
than the other samples in October ana November 1983, concurrent with
observed ice crystal formation and increased maximum daily temperatures
of the uprignt freezer. Moisture levels cieterminec> for the coffin
freezer Shrimp Were SignifiCantly leSS than the Other StOrage area
samples from one month of stvrage until the end of the proJect, except
for the ninth month. The upright freezer registered significantly
greater percent moisture content in Uctober and >'ovember, paralleling the
net weight gains for the same months. Product. dessication was inaicated
oy significantly lover moisture levels determ>.ned for upright samples
during six of the last ni.ne months of storage, including the final August
1'953 sample. Amc onium levels from coffin stc>rea shrimp were signifi-
cantly greater than the other sample values from five months of storage
through the eleventh Konth except for the nintn month. The freezer had
been restocked one month earlier, so that total residence time in the
coffin freezer was only one month.
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Time From

Manufacture

Wholesale

Freezer

Retail Coffin

Freezer

Retail Vertical

Freezer

Table 26. Mean net weight values of frozen breaded shrimp and percent
change from the initial wholesale freezer mean value.

Retail Vertical

Freezer
Retail Cof f in

Freezer
Wholesale

Freezer
Time From

Nanufacture

58.93/ -0.03X!

Table 27. Nean percent moisture values and percent change of frozen
breaded shrimp calculated from the initial wholesale
freezer mean value.

2 Weeks

1 Nonth

6 Nonths

9 Months

12 Months

13 Months

2 Weeks

1 Month

6 Nonths

9 Months

12 Months

13 Months

238.76 O.OOX!

234.49 -1.79X!

232.09 -2.79X!

232.35 -2.68X!

225.37 -5.61X!

228,47 -4.31X!

58. 96/�. OOX!

60. 55X  +1. 59X!

59.06X t0.10X!

58.45X -0.51X!

57.58/ -1.38X!

234. 58 -L. 75%%u!

209. 67  - L2. 18X!

220. 03 -1. 84X!

206.68 -13.44/!

58. 43/ -0. 53X!

54. 29X  -4. 67X!

53.71X -5,25X!

52.47/ -6.49X!

235.65 -1.3OX!

233.17 -2.34X!

226.33 -5.21X!

234,58 -1.75X!

225.75 -5.45X!

59. 63X  +0. 67X!

57,23X -1.73X!

57.49X -1.47X!

58.74X -0.22/!

56.44X -2.52X!
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The percent shrimp determined tor ai wtroles~ie arid retail samples
failed to meet the Standard of Identity ior orearred shrimp tlrat speci-
fies a minimum content of 50%%d shrimp for frozen raw breaded shrimp  FDA,
197b!. The initial wholesale freezer sample, s'x rrays after the produc-
tion run, contained 5.2bil less shrirrp �b.24%%d ., tha nwa sdetermine da t the
Brownsville, Texas facility �1.50%%d! on tne production line  Table 2ri!.
The rapid decrease in perce~t shrimp, net weight: decreases, and percent
moisture changes attributed to moisture migration from the shrimp into
the breading and out of the package is consisrent with studies by Rao,
et al. �975! and Williams, et al. �981!.

Williams monitorea changes in net weight, percent moisture, arid
percent shrimp during a nirie month scurry ot olast frozen breaded shri. p
stored in warehouse and retail freezers, Wii.liarrs' results were similar
to those determined by this study. The net weight of shrimp stored in
the retail fteezer decreased more rapidly thar shrimp stored in the
wareiiouse freezer  Table 29! . Tire mean net weight of shri~rp f rozen tor
Williarrrs' study decreased 0. o%%d f ollowi ng treez i ng by tiie blast f reezer.
Aiter freezing, percent decreases for the wholesale freezer at one, six
and nine months were 1.3%%d, 0.2/, and I.g%%d compared witn l. 79%%d, 2. 79%%d, and
2.btri. aecreases for the present study  Table r 7! . Williams' retail
freezer samples lost 1 ~ 4%%d, b ~ 2%%d, and 9.3r. net weight following one, six
and nine months ot storage. The vertical freezer samples lost less
~eight than Wii.liams' retail freezer with 1.30%%d, 2.34%%d, and 5.21%%d
decreases, while the coffin freezer results were mixed with 1.75%%d, 12.16%%d,
and 7.84%%d decreases for one, six, and nine months, respectively- Percent
moisture changes detected from shrimp stored in williams' wholesale and
retail freezers were similar to the present results. Initial freezing
reduced mean moisrure content by 0.9%%d.;ioistur e losswa saccelerated in
the retail i reezers, compared with warehouse f reezers ..'1oisture loss
from samples in Williams' warehouse freezer was greater than that derer"
mined for the present study. The dessication of samples froar Williams'
retail freezer was greater than that determined for our upright freezer,
but less than the observed values for the coffin freezer  Tables 27
and 29!.

Data from Williams, et al. �!80! ana Mao, et al. �975! indicate a
rapid loss in the relative percent shrimp pr esririt in a breaded shrimp
sample after freez.ing. Williams' samples lost b.80/ shrimp following
blast freezing which reduced mean percent shrirrp level.s from 51.1/ to
44.3/. The relative percent loss of shrimp wa. reduced to 4.3/ by the
seconri week  Table 30! . The current study determineu a 5. 2u%%d shrlurp Loss
at ttie end of. two weeks storage iri the warehouse freezer  Table 2b! . Rao
reported 14.24/ and 13.b2i losses following one. and two weeks of storage
 Taole 31!. The overall decrease in percerrt strrirup was greater for tire
retail freezers than the warehouse freezers in Williarrrs' and the present
study  Tables 28 and 30!. In the current study, percent shrimp loss
decreased for both wholesale and retail freezers after initial freezing,
reached a minimum at six months, and increased through the next six
months oi storage  Table 2H and Figure 10!.



Time From

Manuf acture
Who 1 esal e

Freezer
Retail Coffin

Freezer
Retail Vertical

Freezer

42.86X -8.64%!

48.04% -3.46%!

46.87% -s.63%!

45.18/ -6.32%!

Table 28. Mean percent shrimp values and percent change of frozen
breaded shrimp calculated from the initial percent shrimp
content of the production line before freezing.

Net Weights
Wholesale Retail

Storage
Time

Moisture

RetailWholesale

+0.8X2 Weeks

1 Month

6 Months

9 Months

-l. 2X-1.1% 0.0%

-1.4X-1.3% +0.5%

-3.6X-0.2X -6. 2% -1.4%

-6.3X-1.8X -l. 2%-9.3X

Table 29. Mean percent net weight and moisture changes in blast
frozen breaded shrimp calculated from data presented
by S. K. Williams, ~ ~1. �98'!.

2 Weeks

1 Month

6 Months

9 Months

12 Months

13 Months

51.50%�.00X!*

46.24X -5,26X!

45.81X -5.62%!

47.43X -4.07X!

47.36% -4.14%!

46.12% -5.38%!

46.17% -5.33%!

* Before Freezing

45.81% -5.69X!

47.88X -3.62%!

47.20X -4.30%!

44.32X -7.18%!

45.20% -6.30%!
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Percent Shrimp
Wholesale Retail

Storage
Time

-3. 2X2 Weeks

1 Month

6 Months

9 Months

-5,6X -2.7X

-6.0X -5. 3X

-5. 7X -7. 9X

S torage Time
Weeks

-I4, 24

-13. 62

-13. 35

-11,84

-10.11

Table 31. Mean percent shrimp changes in slow
frozen  -21 C! breaded shrimp from
Rao, et al. �975!

Table 30. Mean percent shrimp changes in blast frozen
breaded shrimp calculated from data presented
by S. K. Williams, et al.;1981! .



The transfer of moisture to and f rom packaged breaded shrimp and the
rrrovement of rrroisture within the product itself represents a continuing
quality and regulatory problem facing the manufacturers of frozen breaded
shrimp. The data indicate that the storage of breaaed shrimp at the
retail level compounds the proble~ and hastens quality deterioration.
The constant defrosting and higher storage terrrperatures of the coffin and
upright freezers reduced moisture contents, net weights, and percent
shrimp of products stored at the retail Level more rapidly than was
observed under the controlled conditions encountered in the wholesale
freezer. The higher mean temperatures observed in the coffin freezer
produced significant reductions in moisture content by the first month of
storage and Significant reductions in mean net weights by ttie second
montn of storage ~ The upright sarrrples experienced a significant net
weight gairi in October and November of 1'
2. Large ice crystals
collected in the packages following two rrronths of f reezer def rost
te rperatures that exceeded O C. ~i nificairt dessication was also ob-
served in the upright freezer by the eno of ure study.

The development of frozen seaiood packaging that provides a mois-
ture barrier and a program to educate retail merchants on proper frozerr
seafood handling and temperature control wouirr reduce the dessication of
frozen breaded products. The control of rroisture migration wi tirin the
product was beyond the scope of this project; however, the work of
Williams, et al. �981! and Rao, et al. �975! provides some answers to
moisture migration problems associated with frozen breaded shrimp. The
use of rapid IJF  individually quick frozen! and finer breading material
helped reduce percent, shrimp loss from frozen product. Hoisture loss was
less rapid and net weights remained more constant. following rapid
freezing. Fine breading helped maintain a more constant equilibri~~ be-
tween perce~t breading and percent shrimp values- The fine breading
wicked away moisture at a rate more closely approximating the migration
of moisture from the shrimp into the breading.

The nutritional and microbiological analyses revealed no apparent
differences for breaded shrimp stored in the tnree freezers. Product wet
weight protein and ash increased from April through July in the coffin
freezer, but the trend disappeared on moisture-free/ash-free and
moisture-free bases, respectively. Thiarrrine levels decreased rapidly for
all three experirrrental samples from July to September, 1982. Thiamine
concentrations stabilized and randomly ranged rrom 0.014 � Q.U43 mg/100g
shrimp with a mean of 0.025 mg/lUUg fot the reaminder of the study.
Riboflavin concentrations decreased fror~ their initial levels but stabi-
lized in November 19b2 and randomly ranged from U.Ulb � U.U>7 mg/1UUg
shrimp with a mean of U.U37 mg/1UUg through August 1983. The range of
thiamine concentrations from September 1rbd  U,U14 � U.U43 mg/1UUg!
bracketed the 0.03 mg/10Ug value given by the Department of As,riculture
qandbook No. 8  Watt and Merrill, 197S! for breaded shrimp. The mean value
U.U2i mg/lUUg was less than the accepted value. Riboflavin levels from
November 19b2 �.01o - O.U57 mg/100g! bracketed the lrepartment of
Agriculture value of 0 ' 03 mg/LOOg and the mean of O.U37 mg/100' exceeded
the published value. All microbiological levels were within Georgia
Depertrrrent of Agriculture standards. No sample differences were rioted.



The nutritional quality of shrimp stored in t.he wholesale and retail
freezers was maintained throughout the study as evidenced by protein,
thiamine, and riboflavin levels. The nutritional quality of the shrimp
could not be diffetentiated by the three storage conditions. Thia~ine
and riboflavin concentrations decreased following the first three to four
months of storage, but the mean vitamin levels were within -O.UOj mg/LUOg
and +O.O07 mg/10Ug of published vitamin levels for thiamine and ribo-
flavin, respectively  Watt and Merrill, 97!p.

The teXtural and flaVOr CharaCteristiCS O! S!rrimp StOren in the
wholesale and retail freezers, as perceived !>y the taste panel, proved to
rre the most rtiscriminatirr� tool to differentiate pronuct quality
tnroug!rout. the study. Hardness and chewirress increased for not!r co!! Ln
ann upright f r'eezer samples with time. The i,ritial and final horizon-
tal ano vertial ratings were 2.29 � 4.1!, 2.! i � 2.7! hardness and 2 ~ 3u
4.21, 2.29 � 2.7 r c!tewiness ~ Hardness anu cnewiness ratings of coff irr
freezer sarrples exceeded both upright and wrrolesale levels by . ove~!rer
1982 and the upright freezer exceeded wholesale levels in June 1983.
Wholesale freezer haraness and chewines~ ieveis decreased from 3.uu
2.0O and 3.14 - 2.07, respectively. The. coff irr freezer samples were
rated significantly harder than the other samples by the f our t!r ~ronth of
stora! e. The pat.tern continued until the eno of the study, except for
March 1983 which showed no signii'icant uiiference between upright arrd
horizontal samples. The upright freezer had rrot been restocked for four
months before the March sample was collected. The chewiness pattern was
similar to the hardness observations for the coffin freezer. The upright
freezer samples were significiantly chewier than the warehouse samples
for the twelfth and thirteenth months ot' storage ~ Coffin freezer fibrous-
ness increased f rom 2.57 � 3.82 and was signi: icantly greater than other
sample ratings from October 1982 through Jul r 1983  five � twelve months
storage!-

Early product. dessication was indicated by moistness ratings from the
coffin freezer samples. Horizontal freezer moistness profiles were less
than those perceived for the other sample conditions during the entire
study. Coffin freezer values dropped from 2.93 � 1.14. Vertical freezer
samples decreased trom 3.29 � 2.7i and feLL beLow the wholesale samples
in May 1983 ' Wholesale moistness ratings incrreased from 2.79 � 2.93 by
August 1953. The perceived moistness of coff: n freezer samples was
significantly less than the warehouse ana upright freezer samples for the
t!rim through the twelf th month of. storar,e, excePt for March and May l9rr3
when no significant difference was aetected. Si-nificantly greater
moistness ratings than the other storage area. were given to vertica'
samples in October and November 1&82. The rat ings correlated wi.th signi-
f icantly greater percent moisture values uetermineu tor the sarrre sar ples.
Significant aessication in upright freezer samples was detected in trre
eleventn and twelf th months of storage when compared to the warehouse
samples ~ The thirteenth month, one month af ter product was delivered to
the vertical freezer from the wholesale freezer, showed no significant
dif ference. Oily mouth coating values failed t.o uif ferentiate the three
storage conditions.
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Textural properties of fried breaded snr>..~p perceivea by a trainea
taste panel proved to be an effective method t.> detect quality changes in
shrimp stored under wholesale and retail cond>.tions. Panel 4>embers de-
tected lower perceived moistness in sampies frarrr trre coffin freezer as
early as the first month of storage and significantly different by the
tnird month. Decreased moistness was detected in the upright freezer
samples by the terrth raonth of storage an<i signif icantly different t>y the
eleventh month. Cof fin freezer samples registered signif icantly greater
hardness an<r chewiness ratings by the fourth month of storage, while
vertical freezer sample chewiness was dif ferentiated by the eleventh
month of storage. Textural changes in the wholesale shrimp were less
than those observed in the retail samples. The greatest textural changes
occurred in t}re coffin freezer samples arrd tnese changes were detecte<r
~uch earlier in the storage stuay than quality changes associated with
the vertical freezer. Vertical freezer sample rating differences with
storage time were greater than those perceiveo tor ttre wholesale freezer.

Pat>el rrrembers readily detecte<r f Lavor prof i Le dif f el ences in breaded
shrimp stored under the three experimental cundir ions. The detected
level of overall shrimp flavor decreased from ..6> � O.71 for the coffin
freezer and I.78 - 1.71 for the vertical freezer. Overall shrimp flavor
detected from coffin freezer shri~p was si'nificantly less than t.he other
samples by the fif th month of the stuay w>rile the vertical freezer strri~p
levels remained significantly less than the wnolesale shrimp following
the eleventh month of storage. Nutty buttery ratings exhibited the same
pattern as the overall seafood values except for May 1983 which showed no
significant differences between the experimental samples. New product
had been transferred from the warehouse freezer to both retail freezers in
April. Sweet levels showed significantly lower levels for the coffin
freezer samples for the eleventh and twelfth months of storage. Detected
old seafood flavors increased most rapidly in the coffin stored shrimp
�.64 � 3.39! and significantly exceeded the Levels of the other sarrrples
by the third month of storage. The levels remained greater than the
other areas except for the November 1982 and April 1983 samples, which
were collected one month after restocking the <.offin freezer. Perceived
old seafood flavors decreased for the wholesale �.29 - 0.29! and
vertical retail �.07 � 1.6d! freezers with time, but the wholesale level
fell r>rore rapidly and refrained significantly below the vertical f reezer
ratings by the eleventh month of the study. Additionally, the old seafood
flavor ratings for October and November 1953 showed tne vertical freezer
samples to be significantly greater than tire warehouse shrimp. The dat.a
reflect temperature abuse detected in the uprigtrt freezer at that time
 Figure 3!, when ",aximurir uefrost temperatures exceened O'C. The Feb-
ruary 1983 upright f reezer sar~pie tra<r a signif i.cantly higher old seaf oo<i
rating than the warehouse freezer. The February sarrrple was collected
three rrronths af ter the last. product was transferred to the upright
freezer. Detectable freezer burn increased with time for both tr>e coffin
freezer samples �.14 � 4.14! and the vertical 1 reezer samples �.56
2>.54!, Wholesale freezer burn ratings decreased from U.93 � 0.75.
Freezer burn results closely parallelled the patterns developea by
overall shrimp flavor, nutty buttery flavor, and old seafood flavor.
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The coffin freezer had significantly greater ratings, indicacirrg poorer
quality than the upright and warehouse freezers from the third through
the twelf th month of storage. The temperature abuse detected in the
upright freezer registered as significantly greater freezer burrr than the
warehouse samples in October and November 1982. February and March 19g3
rated signficantly higher freezer burn levels than t/re warehouse freezer,
three and four months, respectively, after the freezer was restocked.
The final three months of the storage study provided significant.ly
greater freezer burn levels for the vertical freezer samples than warehouse
samples. Rancidity ratings increased with storage time for the coffin
freezer samples �.07 � 2.04! while the other samples decreased with time.
The coffin freezer rancidity levels were significantly greater terran ware-
house values f rom the third through twelf t1r months. Again the wholesale
freezer levels �.70 � 0-00! fell vore rapirrly than the vertical freezer
samples �.43 - 0.3b!.

~lodif ied flavor profiles of f ried f rozen breaded shrimp effectively
differentiated sarrples collected f ro~ the three storage conditions. Sarrple
deterioration was detected within three to five r onths of storage for the
coffin freezer samples, and within eleven montns of storage for the vertical
freezer samples. Samples storerr in the wholesale freezer exhibited the
least changes during storage.

CONCLUSIONS AVD RECONMENDATIOiVS

The nutritional quality of frozen breaded shrimp showed little
deterioration following thirteen months of storage at the wholesale and
retail levels. Protein, thiamine, and riboflavin levels revealed no
differences among a warehouse freezer, an upright freezer, and a hori-
zontal coffin freezer. Vitamin levels decreased rapidly following two
months of storage; however, levels remained fairly constant for the next
eleven months and within 0.007 mg/100g of published U. S- Department of
Agriculture nutritional data  Watt and fierrill, 1975!.

i'1onthly monitoring of percent moisture, net weights, ammonium
levels, and organoleptic qualities proved effective methods to evaluate
product quality and differentiate frozen breaded shrimp stored i'n a
wholesale warehouse, a retail upright freezer, and a retail horizontal
freezer. Product stored in the wholesale freezer exhibited the least
deterioration with time. The quality of the retail product decreased
mucrr more rapirrly in the coffin freezer, showing Lrore rapid and earlier
deterioration than the upright freezer. Approximately four months irrto
the study, the quality of shrimp stored in the retail coffin freezer was
less than that associated with the vertical retait. freezer or the warehouse
freezer. Product stored in the horizontal freezer was exposed to higher
minimum temperatures than were encountered in the vertical or warehouse
freezer. Daily minirrrum temperatures were consistently b " 10'C greater
than the minimum upright freezer temperatures, while little difference in
daily rrraximum temperatures was noted. Freezer temperatureS exCeeded
-7'C on 54 of the monitored days. rtinimum freezer temperatures were
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" 'u"C on only L%%d of the iaonitored days. Variations between iaaximum and
arinimum temperatures for the retail freezers were approximately 12'C for
the coffin freezer and 14 � 18'C for the upright freezer. The defrost
cycles were b - 8 hours and o � 12 hours, respectively. The vertical
freezer exceeaed O'C on 5/ of the days, but reached a minimum temperature

0
of s-20 C on 36X of the days. Elevated temperatures in October and iVovem-
ber 1982 were readily detected by chemical and organoleptic monitoring of
product stored in the upright freezer. The warehouse freezer exhibited
the lowest mean temperatures with only a 2 � O'C daily temperature varia-
tion. Organoleptic evaluation against the control product indicated no
consistent significant differences following thirteen months af storage.
Eleven months into the study, noticeable and consistent quality
deterioration was detected in the vertical freezer samples. Product
samples frorii the vertical freezer in February arid .']arch 1983  three and
four months after breaded shrimp had been restocked! showed signifi-
cantly different organoleptic qualities than those observed for the
wIiolesale freezer. Product quality in the coffin freezer was drudged to
be below minimum consuiaer standards by the end of ttie study.

The results of the study indicate that significant organoleptic
deterioration can be detected as early as three to four months after
production when shrimp are stored in a retail freezer. Net weight and
percent iaoisture changes support the contention, As the age of the pro-
duct increases, shorter storage times at the retail levels will precipi-
tate measureable organoleptic and chemical deterioration within tne
product. Storage at the wholesale level below -20'C proved to be an
effective method to maintain the quality of frozen breaded shrirap for at
least thirteen months of storage.

All testeir product failed to meet the U- S. Standard of Identity for
frozen breaded shrimp of a minimum of 50%%d shrirrip content, despite the
fact that the breaded product contained 51.5X shrimp before freez.ing
 FDA, 1976!. Product held in the warehouse freezer had the greatest
shrimp levels after thirteen months of storage. Williams, et al. �981!
and Rao, et al. �973 ! suggest rapid freezing and the use of finer grained
breading to reduce the relative loss of percent shrimp through moisture
migrations The introduction of moisture barrier packaging would also
help alleviate quality and regulatory problems associated with moisture
migration.

An educational prograrri should be developed to apprise retail
arerchants of the iiaportance of temperature control and good product
handling techniques for maintenance of proper quality for all frozen
foods, but especially seafood. The current study indicates that the
greatest quality deterioration occurs on the retail level; however,
consumer dissatisfaction and regulatory actior is generally directed to
the original manufacturer. Additional handling abuses are probable while
the product is transported from rhe wholesale to retail locations. The
effects of product transportation on quality were not addressed by this
study. Development of improved product packing, breading formulations,
and the training of retail personnel would greatly increase the qualiry
of frozen breaded shriiap offered to the consuming public.
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