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THOMAS A. BUTTERWORTH
Austin FoodTech
114 Pearl Averwe
Newport Beach, CA 92662
TEL (714) 6668482 FAX (714) 666-1017

EMPLOYMENT EXPPERIENCE

1988-Present Managing General Partner Austin Food Tech, Inc.
-Specialists in Food Product Development

1984-1998 instructor, "FDA Better Process Condrol

School,” Chapman University, Orange, CA

19688-1989 Lecturer, "Chemical Engineering Process Design,”
Department of Chemical Engineering
California State University at Long Beach

1973-1988 Associate Director, Research and Development
Beaatrica/Hunt-Wesson, inc., Fullerton, California
- Management of productiprocess development with staff of 24

- Project budget of $1.5 million

-mwmmm
technical service, and non-routine regulatory
interface for the following brands: Orville
Redenbacher, Hurt's, Peter Pan, Fisher, J.
Hungerford Smith, and Food Producers

- Experiance with state-of-the-art aseplic systems,
drink bases, low-acid canned foods and fruits for
both food service arxi retail product lines

- Staff commercialized 32 new prockx:ts and line
extensions and 30 product improvernents in a five
year perniod

1982 instructor, “Food Engineering”

Dept. of Food Science and Technology
Chapman University, Orange, California



1980 -1981 Lecturer, "Chemical Engineering Process Design”
Dept. of Chemical, Nuclear and Thermal Engineering
University of California at Los Angeles

1968 -1973 Teaching and Research Assistantship
Dept. of Nutrition and Food Science
MIT, Cambridge, Massachusetts

1968 Chemical Engineer
Westem Regional Research Laboratory, Albany, CA
- Work resulted in three publications

1964 - 1967 Chemical Engineer
B.F. Goodrich Chemical Company, Long Beach, CA

EDUCATION

Ph.D., Biochemical Engineering, 1973
Massachusetts institute of Technology
- Chemical Engineering and Biology minors
- Thesis project concerned separation of protein
solutions by ultrafiltration covered in two publications,
- Recipient of Nestle-IFT Fellowship

B.S., Chemical Engineering, 1967
University of California at Berkeley

PROFESSIONAL AFFILIATIONS

Institute of Food Technologists:

-Former Chairman, Food Engineering Division and
Former Member, Annual Program Commitiee

institute for Thermal Processing Specialists

American Assoc. for the Advancement of Science

Industry Advisory Council, Food Science and
Technology Department, Univ. Calif. Davis

Food Engineering Advisory Council, Univ. Calif. Davis
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DESCRIPTIVE FOOD
ENGINEERING

Dro o Thomas A Buftereonth,  Consulant 1o
ALER, has bearin Egyrd for six weeks, bolb in
wirder and spong. During this time ha visited 18
fond processars throughout the countey. Durning
thass visits he noticed that some of the peopls
weare asiing about many of e same things
and many of the faciliies ware tying o solvs
similar oparationag! conoems.

This course is intended fo smphasize these
carrynon thresds iimt are buoth mgmmmg
wimrded  mad subledt 00 Bngrcesm

P

How o Lootrel Headspeoe

Dafiniions, impoitance of hoesdspave faslors
that control headspace and oommon methnds
1o controd these factors

How e Dontrol YVacuum

Dehnitions, importnce and normal rangss of
vaguwin  faviors thal conlied vacuwen o and
comynon methods o achieve and contiod thees
factors

How to Bring Horizontal
Sl Retorts into
Compliance with 1.8,
Reguiations

A review of the applicable regulation including
spacific  design oriteria and  eguipment
specifications

Some Common Sanitation Probisms snd
Mo 1o Avold Tham

A retrospeactive of some of on BMPs and
sandary . practices & O Butterworth's
shearvations whils in Egyp

Dasign of Batch
Progesses

A sumnmsry of how © design bailch processses
i terms of how o spedily the number of bateh
sosmations and ngredient Tow rates required

for tha aps

3

Huow fo Usluulate Heating
Timw i g Kettle

A review of slemerdary heat amsfer as #
applins in hegling lquid in a jacketed kellle
HMandout and wxg:ianast;m of a f opLY disk which
will enable the atendse o ms L
cafoulations, customized for any fanility,

How (o Make 2 Prefiminary
Estimate of Capliad Costs

& maethod of estimating prefiminary capial conts of
aither new instaflations or expansions of existing
facilities, Such #n estimate san be made with
knowizdge oniy of the uninstalled cost of the majy
aquipment,

INSTRUCTOR

Dr. Thomas Butisrworth
Mandaging Genzral Partnge
Austin FoodTeoh

114 Poarl Srest

Newpnrt Bagoh, Ca 22862
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FAX {74 BBB-1OT
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The course iy intended 10 be destriptive and
applied in nature with minimal amphasis on
theory or mathematics.
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How to Control gl Gl g add L

Headspace ina -
Canned Product gl piiad b agpgad




§113.3 Definitions.

(h) “Headspace, gross™ is the vertical
distance between the level of the
product (generally the liquid surface)
in an upright rigid contsiner and the
top edge of the container (the top of
the doubie seam of 3 can or the top
edge of a glass jar).

§113.3 Definitions.

(i) “Headspace, net” of a
container is the vertical distance
between the level of the product
(generally the liquid surface) in
the upright rigid container and
the inside surface of the lid.

el e el ey gage

¢ to Contro

ina Canned gm@ duct

* Conirol variations in:
- Net weight
—Ajr contert
—Fill height
~Container size
—Filt temperature
- Amount of primary fill {ag. Beans)
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flada oy ud Jmd 008 10

HA S Syale
« Affects vacuum UKD Ny o8 JRee S Sl .
« Affacts net weight and therefore
cost
Tlda g olad Yo 10 Vel
« At times & critical factor In o o n Mo AWt (yinny 6 1y AV ©
» Excessive headspace could: 2oh v J B gl 3l Ky e
~Lose cusiomers sAud 3B -
-Be in violation of regulations el s ks
Amaed gohd jnd ) ofadd Lhg
el gilad 4
H wAEXE »
« Control variations in: J':;M
~Net waight ohol (g g
~Alr content sdd g6 ) -
~Fill height Lol ppu—
~Container size L T TS St
~Fill femperature (205 Sied o b 8-

~Amount of prirscary 0l (og. Bears)




Co lling Net Weight

« Weight control program as part
of Quality Control:

~Communication between Q.C. lab
and filler operator

» Accurate filling operation(s)
* On-line check-weighers

- - ® bt

Gl e Llas 00 0 S u.JJ‘q—-*fS-:'—’z-ﬂ,:; .
e
Sy gk Con g B39l A g Jama Ot eV —
L)
G ol (Shee) Afles #
Ghald 38 20 (3350 i3 jual @

Al jay ¢l ogd (g B el
shad Jid g acdely 2 ¢

« Filling without introducing air edad kgl g e
» Deaeration prior to filling Aol K AD Bk oo ol ¢
« Filling with a vacuum assist
Filling Without Adding Air s al (199 9 el

Y S FOEIWYL. TRESIR TR I
« Air may be introduced through NY TS
filler seals or by splashing

= May require siowing line speed

QWL&%-”.M ,)a‘ﬂt,-lu-'-ij-i *




De-aeration

Vacwum

Dwsaratod
Prohut
e

Filling with Vacuum Assist

Prodeact Vecuemn

Sisle dimetn Enbor susl fie
of cu Over Sange of sen

Filler head —_—

First veacxaam in pulled on can end
et in relesped by filling with product
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if All Eise Fails
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Tilt Rail

A "tilt rail” is a strip of stainless
steel over which the cans pass
just before seaming.This “rail®

Sl cugadl

Y I e A b e e (S "D Gl @
Al Ade G 5 pdlse Al culab e 15 famy
13 PURL PRI NPT EVR T | o LT TIPS PLM

lifts one side of each can a RV VRW FHEE ALY WA Rt~ IPE W
prescribed amount and spills o M e pad)
excess product o the ficor.
Disadvantages of a Tilt Rail dial crisuadd g glane
e e

» Wastes product
* May create sanitation
probiemns

Lk, Y CNEAE ey neg i+
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How to Create and

Control Vacuum in

a Canned Product

How to Create Vacuum In
a Canned Product

What is vacuum?

How is vacuum measured?
Why is vacuum important?
How much vacuum is needed?
How to achieve it...

] ® 5 &

silae gile JA1) 31 B oS3 Dbt
BIA L.

B oAF oy i

Tuda 31,8 555, Gl -
Torgllnal £1,83 spa 4 L
veekifial (fing A5 @

Vacuum?

*A degree of rarefaction
well below atmospheric

Webster's Dictionary

TEIAN L
JALD Hadp 0 4"
S ekl uliad o ff
“oegor) dekaidl oo

Sy gy gl
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What is Vacuum? TEIAN b Lo
A measure of the extant to "
which air has been S dd
removed from a Glaall slo gl (e olggdl ¢ 3
hermetically sealed
container s puill ey pSae K
Zero Vacuum ke B A8
...the pressure in the Juadl Jada Jekadal (5 9Ss...
headspace is equal to .
atmospheric pressure, p Jodudall Ly slaaa (5 5led
Full Vacuum Jalsd £ 48
...all gas has been removed o LB QI B o
from the container (76 cm Hg) (353 paa¥1) d4gal

153



H Vi m Meas

FAICUCIM
MERCURY
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CHAMEBER
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Vi m im

« Vacuum maintains the can
ends or jar closures in a
concave position, giving a
visual index to the condition
of the contents

Tt B1AY O gy Lhal
EPUBTIPE, RFAFTR
clilade 8l ASadd LW 4l
Uioe 2 uns Las ¢ paile painy -

Jalaly cdy siaal ihka oo

Cigdm oo SN P el Aydad
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is Vacuum | nt?

» Vacuum prevents permanent
distortion of can ends and
helps hold the closure on
glass-packed products
during thermal processing.

» Varies with salt content, pH of
the product and type of
container

+ Minimum: 13 cm Hg

« Ideal range: 24 to 38 cm Hg
Any vacuum over about 45
cm Hg could cause paneling,

high removal torque or
inability to use lighter cans

clysla b sladd cilai
ag )yl dadledd ol duals
b i La
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Hot Fillin

= The product is heated to 75 to
90°C prior to closing.
Note: For this discussion & thermal
exhaust system will croale
vacuum in the same way as hot
filling.

o N O

‘u,‘sowwuﬁ.e&lw;v
QD i O 35 AN ey iiEale
ol ooy $1 0 3655 iy gyl

il aclad

Filling (C

« This temperature croates an
atmosphere in the headspace
which contains parily steam.

Staamiuic mbdure i hesdepace

Product mmparirs 500C

{ad) calud 5l
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Hot Filling (Cont

« The steam condenses and

contracts when cooled, thereby

forming a partial vacuum,

i 3y besie alllyy JA00 Sy .
K Bl A oliiey 1585

R s A JRUTIT B
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Ty shal Aoy SUS 5w g 0

Vacuum {8
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0 20 49
Gross Headspace (MM)
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Mechanical Application of

Vacuum

A portion of the container
headspace gas is pumped out by a
vacuum pump:;

Very siow
Sometimes used for pouches

£LAN G150 ol

3d B agnsad FaB e faik 5
S ANy e Liian Und g3 (5 Sal
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sl 5305 1985 Lleal ade
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Effect of Headspace on
Vacuum {with Steam

1

,4——-“"

c88

T

Vaocuum
(Cm Hg)

0 5 10 15
Gross Headspace (MM)

Vacuum is Affected by:

» Fill temperature

» Headspace

» Exhaust box

» Steam flow

« Mechanical application




How to Bring a Horizontal Stili

oAl S oS ea e A4S

Retort into Compliance with 180541 23 50 Gidlase
U.S. Regulations
21 CFR Part 113 Y3 3050 B S ookl
Acid Foods Packaged in a7 e
] e dgsinad ) daieadd 00
Wge?:alod dals shady ndall e Luimbiie Gaui
Conta Y Lo Chggta
Mitp:/ferww.sccess.gpo.govinaraiclr bitp://ororw.accees. gpo. govinaraicfy
I Still R 40 LAE ol § jgaf
Design Criteria: et e o
Mercury-in-giass thermomaetar (MIG) (MIS) J#) ol S
Temperature racorder 3 nd Ae. 0 s Jor
Staam Jad 58 Jev
Aomatic steam ControNer Iap b S B Fon
pi Jou b il MBad of b ol Y Chad
Vents ,:"’"..‘ _;m
All vaives e |
o Clme

Stacking equipment




ercury-in-glass T I il ala ¥ e 5B

+ Required * No divided faac! 4 gy e Sospae

« Calibrated columns Landia haa e

« Calibraton  * Easily read Gl dent g s

records * Reference OSag olal ey »
instrument il g 2 0

$113.40 Equipment and procedures. LI i) Yl Chanall 117,
(8) Equipment and procadures for o Bhall dallad L0 el jp¥ly anadl ()

pressure processing in steam in still
retorts—{1) Indicating mercury-in-glass
thermometer. Each retort shall be

[l (V) =—2588 phald 3 5gal sl
piad Sl S S oS A alp i siege
GsSiy SV o aaly i) abap) fage
OsSey 0"V (gin Bel )il Agas 43 Bagp gall

equipped with at least one mercury-in- )
glass thermometer whose divisions are e 4T al Aa 0 33 Y Cuay i o Leuas
easily readable to 1° F and whose L2 o) 43 g 3al QAR o Luagy J-S1 VY
(Rysia 5 0l
Thermometers shall be tested
o accurat:ggm:m 2 O SSUB S Jla g pani g3y
thermometer upon instaliation Gy dany sage 5 Tl oy, Ly
and at least once a year Baaly B e g5 45 e "“-"j“‘b’"*‘
thereafter, or more frequently “ﬂmm&: _:J &
if necessary, to ensure their o 4839
accuracy.

24



|

Records of thermometer
accuracy checks that specify

A el < gy P
el || WU
the test should be maintained. ¢ oailly duid Bkl S
Each thermometer should duny J HNy pmadly o 4y
have a tag, seal, or other ey 5 o oy ARiny siage 55 S
means of identity that includes 300 31 Qa5 ) Ay
the date on which it was last < il Jiase D i led
tested for accuracy.
thermometer that has a divided
mercury column or that cannot be ﬂ»xﬁrﬁdd&l.ldﬂﬂ
justed to the standard shall be M&*&u%iri-,‘mja
repaired or replaced before further 5300 5 30 pinid Fgn
use of the retort. -
Thermometers shall be installed PO SE i < aga B o 53
they can be accurately and A pgansy Ay Sl ey &
read.

2



The mercury thermometer—

not the recorder chart—shall Chir oy GREH Siege sl 05
be the reference instrument e FP e S S T
for indicating the gl 3 o A

processing temperature.
Bl dass aw e

* Required - Agree with e Gl sy o o pllna *
- Chart MIG e *;g‘é‘; drusohe

graduation . A Jpad

maximum Securlty Ayl el
. May be part glesrosise oV

maximum (TRC} 3l ot} 3all

(2) Temperature-recording P .

device. Each stil retort shall G e e 3el)

haveanacmfrale el Ao i) B s

temperature-recording device.

23



Graduations on the
temperature-recording devices
shali not exceed 2° F within a

range of 10° F of the

Mm temmm.

Each chart shall have a working
le of not more than 55° F per
inch within a range of 20° F of

processing temperature.

adjusted o agree as nearly as
possiblewim but to be in no event

gh cdde 35 J iy ¥
Y 08 3 nd i S0ly Ragpsdd
idadadan e pipds du
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b Loasy S 500 o 3353 Y s
ol 5 A W 7Y i 4

23 e 53 nd Tl dpd Gy e
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Y3 el s 518 Shb g Chgpud (i
~Aic




A means of preventing
unauthorized changes in
adjustment shali be provided.

The recorder may be combined
with the steam controller and
may be a recording-controlling
instrument.

aia Wby 25y Wiy i b ey
Yo J L gt g pan ol Sl i
el

u)M&MMc—M&A—AI
AW pad s Sl | e pranay) 3

Air-operated temperature
jcortrollers should have adeguate
filter systems to ensure a supply of
clean, dry air.

SESRUTSTET SRR SRR TL B
0B Lae o 5 Al o ol gy Jaas
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(3) Pressure gages. Each
retort should be equipped with
a pressure gage that should
be graduated in divisions of 2

pounds or less.

3033 fy J ooy Smiaiad i ()
A28 g5 Jioall ey s e S
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i4) Steam confroller. Each retort
shall be equipped with an
automatic steam controller to
maintain the retort temperature.

B yg 3 pady il LB e by (€)
BEC R TSRS DY IS PPOR-E 35 TN
i) Jea 3l a 2a 0 o Jaliall wll

k5) Steam iniet. The steam inlet
to each still retort shall be large

P o Slea JS 8 g pdd Jasd

enough to provide sufficient ) alladd lash Al Al S S
steam for proper operation of the Al JEERy puiash e i
retort.

Steam may enter either the top oo gl el U e diy
portion or the bottom portion of il o 4wl e e il 6 320
the retort but, in any case, shall Ay e dasil QA 6 50 Jay o
enter the portion of the retort

loppostte the vent;




(6) Crate supports. Baffle plates
shall not be used in the bottom
iof still retorts.

o= Y aB) Gl Chdea (V)
sl Arlhelad il e ) o Jais
AN B 3 e (e

(7) Steam spreaders. Steam
spreaders are continuations of
the steam inlet line inside the

be equipped with steam
preaders that extend the length
of the retort.

For steam spreaders Ford 5833 Y Ayl
along the bottom of the (il 5503 JSd o 33y 9ab
retort, the perforations Gl (lh el e
should be along the top o5 dod o oS o Sy

90" of this pipe Sagdad e s (g5

29



10

The number of perforations should
be such that the total cross-
sectional area of the perforations is
equal to 11/2 to 2 times the cross-
sectional area of the smallest
restriction in the steam iniet line.

.&wﬂ&wﬂmw&u‘
‘x"}“"-*}-wﬂdfﬂ

(8) Bleeders. Bleeders shall be one-
eighth inch or larger and shall be
wide open during the entire
process, including the come-up-
time.

iy o fagdl Dl ol gt pd ja cdaid (A)
asss ﬂ)wM/?M&-@J
LRI RIVERIVR g ) P RN

.a.uu-.n $00a0 da il gl fep Jpea

For horizontal still retorts, bieeders
shall be located within
approximately 1 foot of the

outermost locations of containers at
each end along the top of the retort;
additional bleeders shall be located
not more than 8 feet apart along the
top.

Gl S sie Gyl dn D pudpd ¢
POUTES D SRTE S
35 Y Ule 310 o a0 #1580 s Ul

g atad o 3all oo pll A e




W

JR—

IAll bleeders shall be
arranged so that the operator
{can observe that they are
functioning properly.

2 glo gzl AT Slalh s 5 g
'uwth-“ﬂ-'rﬁwﬂfu

Gl d ooy B Lay Ui JBY Clyye
1o J djisma sppe e wzlydad
Eﬂ“ﬂd)rﬁ‘&w Ll a

perforated sheet metal is
used for the botioms, the
perforations shouid be
pproximately the equivaient of
1-inch holes on 2-inch centers.

e ioma ol f daisd 5y
[kl Ll 0y o ity A o)
o day ¥ Lkl e Jia e
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12

hh on 2-inch cén :

D= 1in. Centers =2 in,

"PTY

If dividers are used
between the layers of
containers, they should
be perforated as above.

Sligds (g Joal g pladial S5 1)
L gy o (a6 cclyglad
Coadel 548 g LS

(10) Air valves. Retorts using air
for pressure cooling shall be

equipped with a suitable valve to
prevent air leakage into the
retort during processing.

[ v



for cooling shall be
equipped with a suitable valve to
|prevent leakage of water into the
Iretort during processing.

(11) Water valves. Retorts using

5oea) Juees iy ol Cldaa (1Y)
placay 3,0 ol 25355 D
Jer il Jila sl o pudi addl &

.M&Lﬁo‘.ﬂéﬂ

Vent System Requirements:

* Vaive type
« Piping criteria
« Location

(12) Vents. Vents shall be
installed in such a way that air is
removed from the retort before
ftiming of the process is started.

13
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14

Vents shall be controlled by
lgate, plug cock, or other
adequate type valves which shall|
be fully open to permit rapid
discharge of air from the retort
lduring the venting period.

Guob (e Ll Clad WKl
EVRTE AR LTS DY BP W EPURN [V S
rlanll LK Lat & 2y 3 Y cabaal
pindl Jlea O eloell gl gy

Aygili s e

Vents shall not be connected
idirectly to a closed drain system.
if the overflow is used as a vent,
there shall be an atmospheric

@wwmdw@s
251 Al Blae iy g Gkl gl aa

G g e p g8 il lads.d
dd bad B gl pladtY) Geg gl a

ibreak in the line before it Al iy paih dadhy Juah ]
connects to a closed drain.
The vent shall be located in b il a3 % 00 o sty
that portion of the retort o 0085 Qg 923 e Tl e
opposite the steam iniet; < Adll Jiadd Jike auiay
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PhF Specialists Inc.
Low Acid Canned Foods
CFR 113 Audit
Plant: Location: Date:

L Process Design and Registration

Htem Acceptable (Yes) | Unacceptabie (No) Comments/

PRF Specialists Inc. 1
10/04/00



I. Process Design and Registration (Contlnuod)

item

Acceptable (Yes)

Unacceptable (No)

Comments/Correctiv
e Action

Are there written
scheduled processes
recommendations for
each product that itemize
any critical factors? if
yes, detail under
comments

. Process Delivery

A, Critical Factors and
Container Integrity

1.Critical Factors

Do raw materials, product
formulation, particle size,
consistency and packing
medium correspond to
those for which the
process was designed
and to critical factors
listed?

List filing method: for
solids: hand, volumetric,
piston, vacuum

List filling method for
liquids: gravity, piston,
volumetric

Is any filling variable

listed as a critical factor?

Which?

List monitoring frequency
and method for critical fill
weight factors.

Is a record kept for critical
fil weight factor? Is it

acceptable?

Are other critical factors
required by the process
authority or on the filing
form monitored and a
record kept? List

frequency.

PhF Specialists Inc.
10/04/00




Accepiable (Yes)

Unacceptable {No)

Comective Action

takan and recorded when

PLF Specialists Inc.
10400

38



Ii. Process Delivery

Hem

Acceptabie (Yes)

Unacceptable (No)

Corrective Action

2. Container Integrity
{continuad)

If using glass vacuum
ciosures is there a cold
water vacuum check at
start up, at changsover,
after extended breaks, or

| jams?

Have personnel
performing closure tests
received training?

Are containers coded on
| line?

Does code inchde firm,
product, year, date, and
period?

Is coding period eight
hours or less?

B. Retort Room
Operations

1.Thermal
Processing Systams
{General)

Linder comments list
number of retorls, types
of retorts, and
manufacturers.

Do retort systems
correspord to filing
forms?

Is each retort equipped
with a MIiG, readable to
0.5 degrees Centigrade (1
degrees F.)and is the
temp. range less than 8
degrees C. {17F.) par CM
{inch)?

Are MIG's calibrated at
least annually against a
known standand at
processing temperature?
Are records kept for each
MiG showing date?

Is each retort equipped
with a TRC with one-
degree C. gradations
within 5.5 degrees C. (10
degrees F.)of process
temperature?

PHF Specialisis Inc.
1004200



Acceptable (Yes)

PAF Speciatists Inc.
10/04/00
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H. Process Delivery

Hem

Acceptable {Yes)

Unacceptable (No)

Comments/
Corrective Action

B. Retort Room
Operations

1.Thermmal Processing
Systems (General,
Continued)

Do retort baskets have
dividers, racks, or trays?
Describe. Were these
employed during
temperature distribution
studies?

is orientation of the
container in the retort a
critical factor? Is it the
same as studied for
developing the thermal
process and temperature
distribution?

B. Retort Room
Operations

2. Procedures

a. Ratort Room

Are scheduled processes
and venting, come up
fime, or other starilizer
critical factors posted?

Do scheduled processes

correspond to filing
forms?

Are initial temperatures
meaasured and recorded?
List interval.

Are initial temperature
readings performed so as
to measure average
temperature of contents?
Is the sample taken from
the first container in the
first basket? Is the
femperature
measurement device

- calibrated against any
starddard? Frequency

s there an easily
readable timing device 7

PhF Specialists Tnc.
10/04/00
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Acceptable (Yes)

Unaccaptable (No)

PhF Specialists Inc.
1004200

31



H. Process Delivery

item

Acceptable (Yes)

Unacceptabile {No)

CommentsiCormrectiv
e Action

B. Retort Room
Operations

2. Procedures

b. Post Process
Container Handling

Are containers cooled
before handling seams?
Are containers cooled
and dried without further
contact from towels, rags
or conlaminated water?

Are container handiing
systems designed to
avoid damage, and
punctures to seams and
containers

Do cieaning and
sanitation protocols exist
for container handling
systems and are they
enforced?

L. Process
Documentation

is there a written retort
record that includes
product, code, date, retort
number, container, code,
CUT, vent and process
time and MIG readings?

Are scheduled process
parameters and any other
thermal processing
critical factors monitorexd
and recorded for each
retort cycle?

Do the records coniain
errors, omissions, or
mistakes that are not
initialed or noted?

Are the written retori
records dated and signed
by the operator ari dated
and signad by the
SUpervisor?

PhF Specialists Inc.
10/04/00




Acceptable {Yes)

Unacceptable (No)

PhF Specialists Tnc.
10X0400
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How to Avolid Certain .
Sanitation Problems 4an =
A retrospective of some poor Vg ppieaid gl o ClBaIA (i
manufacturing techniques | rae g lgikad 3
have observed in Egypt
« A total of 21 factory visits ¥V 0 SEY clS Gl 8 gl ¢
- Three were visited twice Lkae
« Cairo and Alexandria O heae BXS g5 5
« November 1999 nKly 3 AUl -
. 2000 1444 pdge
Tausn M"‘pj.*
Facility Open to Outside GAM £ sihe pivadd
« Doors open, no fans or strips cﬂﬁjc)’%ﬁuhﬁﬂ‘
« Broken windows ‘ Lduna Sl gl o
« Tom screens Byl o fagmp gl ALud Gplpd
« Number of observations = 17 Ll
« Rank = #1 VY = Clhallal 2 o
VI - gl -




Trash Stored
Inappropriately

« Near processing area

= Next to building

« In processing facility

+ Number of observations =9
» Rank = #2

3"‘"““ - -

Q.M c mj.,ﬁ:
LA ) gye
a&d’i&aj‘w.}t
1 = cdlaaiad i e
‘.#3*“.*. 0 -

Animals In or Near

Processing Area W jeay o agieait
= Birds * Bees dase glae
*» Flies N=§8 A= Cllhaall dac e R
« Rodents « Rank = #3 Y# - il s wajde
» Dogs oIS .
Ina Plant L dadle 3 - 4
+ Weeds, planters, shrubs, potted Sy iy Chaa 2 g ] o
plants ek Pyl o Ty ha
~Inside processing area il ke (Jals ~
~Next to building cliad s -
« Number of observations = 7 Y = Cllaadidl 2o o
+» Rank = #4 = iyl »

g

e



| Aume 0553 F Sy golana atiB ¢
Cagl

1= cdladld ae e
o = Cigadl »

Dirty Walls and Floors =T ‘
« Number of observations = 6 oV ikl e o
= Rank = #5 (tie) (159 F = s+

Standing Water 320 38 olyad

* On floors Sl ¥ e o
* in drains ead e
« Can breed microorganisms Uk CAiRSh gy gali o g »
* Number of observations = 5 1= Clladd 2«
« Rank = #7 V= gl

vy



No Protective Clothing

* Overalls « Line workers
* Hairrestraints ., o, ality control
= Shoes
« Management
* Visitors

s N=5§
» Rank = #7 {tie)

Al o) (sudlal 6145 ) a0

dnad Jac = LTE S S
h”g“)-’ wilal g ey )

B0 . ;t;’&!;ﬁ‘

cu N » ey

o = ikanld s+

{08 VB = s o

Bad Odors

« Odors in the processing area
« Number of observations: 5
» Rank = #7 (tie) '

igsSndy,
amm"i%cﬂ}.) a»f-

. Ox.AW%ia )
(2Ke) Vi = cagiaadl o

L QU ; IAGWLASVRIE O
Fro nsanitary Surfaces
N=4

Rank =#10




How to Avoid Such an
Unsanitary Condition

O W :,':,',“,"""
MY Cons Full cone
Frows baich hatlle

AMIY ao 3e Lo AN oA 148

Ak 2R 33 e

na% —,

Cross Section of Slit Filler

Yotes Made of Wood

» Causes abrasion of raw frult
during transit

» Can not be adequately cleaned

» Number of observations = 3

« Rank = #11

!*5! "yt :ﬂ‘lil!! !I!.! o

L=
3p JEly \GhG cmany +
¥ Cihadl) 3o »

= ghadd «




Idle Equipment Dirty

From Previous Run

« Causes odors inSady)ipg b
= Aftracts pests Y g e
« Makes cleaning more difficult bl Lle e Gini ¢
» Number of cbservations = 3 Vo Shlalldl 2 o
+ Rank = #11 (lie) {05 VY = il o
Loose Jewelry Ay sl
. ' 7
« Number of observations = 3 ¥ o= e e e
» Rank = #11 (tie) (5 V9% = Camah o
Condensate Al il
» Dripping from unsanitary giteall Jab il pe plaa (e iy o
surface into product tanks iak; 5o glad)
» Number of observations = 3 Siladd e o
» Rank = #11 (tie) (LSPV W = il »




G0 3 Lariiendd Glldd i 0
3 ShaTialy Gabad 3 Clapsid)

Y oo ChEad s
o - ol «

Storage of Packaging
Material

» Primnary packaging materiais
stored in processing area
exposed to splashing

« Number of observations = 2

« Rank = #16

o Ap il ciglichy il A g 5985 ¢
g Jo gl Laie o Al Ailhaia
¥ = clhai) e o

1 - gl .




Exposed Light Bulbs

« Number of observations = 2
« Rank = #16 (tie)

A o8 abadd

¥ = Shhada sac e
{)_;s..} \“-#“M'

Inadequate Hand Washing

» Dirty hands, fingernails
+ inadequate facilities
~Towels
~So0ap
- Hot water
» Number of observations = 1
« Rank = #18

glas b ﬂ’i’ﬂ;g*‘}! .
Laa e bl o
whidid -
ot~
Onlaad dgad—
¥ o clBaddl s .
YA # = wigonik o

Washing Moldy Fruit

Foreign mii.

Juil Jlen gt L
Aoyl e




Eliminate Moldy Fruit

monnalng by

Dwmp
Soring Sowmd feull
bl

Forsign i,

S L 2

o8 i Jou

Too Many to Count

« Rough welds on food contact
surfaces

+ Thraeadad fittings on product
lines

= Dustidirt on non-food contact

® | 7Y i
‘ :“QU
ch'f'uhmeu-l-#asu*
LN 1t
ek o Sl Jheayy ppihess 29y ¢
com

2 plaa¥l o Claladlf b agpy
L3N L

S 5y paee
Yo s s
¥l o 35001
Iaaall

T e Ldhal
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Any Sanitation Problems

Here?
» Glass bottle near product
+ Smoking
= No protective clothing
» Old wooden pallets near line
+ Totes very dirty

gl sy tase e Lale Gtae
ouball o

L PP BURE ST

Aadd gy Al Aulia dlde 3gp g e
FLaT! Sl Gplinall »
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Batch Process

A process in which operations
are carried out in discrete steps

;l.ii ,h;!’gigg

i o glass i D L g Gles o
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Line Data

Retort capacity = 3000 cans

Filling speed = 175 cans/minute
Sterilizing time = 60 minutes @121°C
Venting time = 8 minutes after steam on
Cooling time = 20 minutes

How many retoris are needed?

= UN Jad iy

Lo ¥ove = il Jgn dna
Gk VYo m ol o
VY s s 1o = ead 4
b i 3 FU A = 4560 O

Retort Cycle

s Yo = 3l e
Al pginil 3 3gad 200 g4 L
3 3

A g i gma At 4
a3 m :t-iiﬁnan

Timing of Each -

Operation Cumiilative

fime {min)
{Retort empty 0
ILend baskets into retort, close door 5
lepw vent, open steam valve 10
|Achieve verting requirements, close vent 18
Achiove processing temp. (1210C) 23

gapal (e B il
{tak)
s B Al Sy
¢ G 3R o1 ciatd Glea S5l Gplhal (e
i o plos gl g Aa it
VA et Lash B odgped b o)
i R YY) aabes 3 L gl e Y




(o) sty

o B
AT e 50 P Lyl 3708 iy, 2 3 ]
7 M sle Sy JiP o
e q,acn,wa,www]
W Lind Skl B e Jun 18]

min n
Curoalatiben
!Mumhmm 83
Close steam valve, inirodece cooling ;.
Wmamﬂmm 113
fmmmmmf 120
Line Data
Relort capacity = 3000 cans
Filling speed = 175 cans/minute
Time requirsd 1o complete & retort cycle
=120 minutes
How many retorts are needed?

3000 cangiretort cvcle s, 25 cans/min
120 minutas/retort cycle ~ {(one retort)

bl cliy

%r‘.‘“ﬂmh
Ll 1Yo = o)l da e
Lo VYo pfindd R 8590 i wyagliuadl 30 3

7 0 il £ 5pp 23 ga ta
Ghdiia Yo e ool Jeptipnfide Yoo
()3 o3 Jae) an3d Fan 5590 Riga 1Y

(add) il cliy
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Batch Kettle: Pasta Sauce

Formula: Pasta Sauce

’i I3 ’i ;in" »

Ingredient % | Kg/tatch
Watey 421 g
Tomatoes, diced 310 9%
‘Tomato paste 20| 208
Olive oil 35 33
Salt 140 ]
Spices 2 1
Omnion, gaclic 2 2
Procedure
+ Add water = Blend

« Add diced fomatoe  » Perform Q.C.
« Add tomato paste  Check

» Add + Heat to BE°C
 Ofives oif, sak, » Drain
- spices, onion, = Rinse for next
-~ garic batch

Andil/agt % ol il

TaA PR la
YAy 4] falaks splalade

i
TeA Ty Mg’u}ﬂ
Y Yo L%
L] \ ol
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¥ X 295 e eny
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Fomula: Sauce ol L“'ﬂﬂa <)
Im Kefbosch | Flow rase | M0 & R Jue | Gkt | cligd
Water 398 120 Limin |20 ¥ WA | T -
Dice 19 |@Lmia |7 N Rl B Rl vy
[Paste 08 130 Lmia 17 R F R R T T
loit 33 [15kgimin 2 S T Y TR e
15ak 9  |9kgmin |1 e ~E 1 ™
[Spices 2 [2kgmin i} D L S
{ORG 2 Zig/min |} Y T gDt ¥ Y P
Formula: Pasta Sauce g Sall Licliay Lalad 48 58




Sequence of Operations

Operation Time req. (min}
Add ingredients =)
iBlend 10
G.C. chack 10
{Heat to BSOC &0
Dirain
Rinse &

Time to Drain Product

Line speed = 175 containers/minute
Container size = 0.5 L
Product demand = 175 X 0.5 = 88 L/min

Batch size =800 L.
Time to drain = 800/88 = 10.2 min

{ABAaN) ulleiad 33 Aghmd
e A yKad i
1 PR ]
Ve Sagad 3 ot
s r‘;\omw
LE |
L [RLIN- |
el Ldeant cullaiall pa

mﬂ,{,{mi?a - il Ao s
ﬂa,ﬁ-weﬂ
UM/ 7 AR = o0 X1V = poiiddl callay

Al = il aaa
aﬁ:\s,Y“&Ajin-MdJ

Batch Kettle {cont.)

To fiker

she

oyt Y —————
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Totai = 120 min

Chylead adsi

TR < chgh At
A Chighar Moy
i} Sdid
s biged 48 ol )
k1 A 2 bl
1. W
» (=

Line Data

Kettie capacity = 900 L
Filing speed = 175 containers/minute
= 88 L/min
Time required to compiete a batch cycle
= 120 minutes
How many keities are neaded?

900Lbeichcyde gy 7.5Limin
120 minutes/haich cycle ~ (one ketlle)

bid clay

ﬂ‘!!”w%
Gl VY8 = o) e e
Aoy 2 A =
lads o agiead § 350 KSSY 1pt ghlnall e B
LGt x

Rl 0N 3 A Ls

GANAYS ggu Slbe phaBtpl Y-
(el 1) Chebd o gl 5 353 s Y+

Line Data (cont.)

e 7.5 Umin

900 Libatch cycle
120 mimses/hatch cycle ~ (one kettle)

One keitle can produce 7.5 Limin.
You need 88 Limin

46 Liviinde
75 Urrirr bkt BED 11.7 kellies neaded

(a4) Jid ity
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How to Heatin

Times for Liquid Foods

- »

-
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Properties of the Liguid

« Density (or specific gravity)
= Viscosity

» Heat capacity

» Thermal conductivity

Viscosity

« The resistance to flow
~Note: This same resistancea to

flow also provides resistance
o heat and mass transfer

da o310
ol aglin e
faalall Ayl g f lgal ta -0 |
Sl Jil o i I 58 Gludil
5 Sl lgaslly

Viscosity C lent

An experimentally determined

number used in fluid mechanics

to account for the effects of

viscosity

Units: Centipoise or Milinascs! seconds
{om/om-aec)

CiaAs “i e 'i %ﬁ,lmfi}’
App 0 ki ppia gl Ji guad
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Which is Thicker?

* Honey, or
» Mayonnaise
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Heat Capacity

The amount of heat {in calories)
required to raise the temperature
of 1 gram of a substance by 1°C.

Units = calories/gm-°C

Ay 51l Al

lloiad (R el ) 5 ) ol AgaS

7Y i Balal Gapn 15 ada pad )

£ -pafi e s = Ciaa
Cp

gl adt daaadt

' -hba&.‘.»- ol

okl e 0yl el g el
Pall o S sl

& priig I mat w Op

Cp
Heat Capacity
. .Md T calaxie
One gm waker Onz gre wiker
@r#c @10C
Cp=1 caligmC
Heat Capacities of F
Food % Water Cp
Water 100 1.0
Potato soup a8 0.84
Potaives = a1
Peas, dried 14 0.44
Soy oil 0 0.40

ohid SlAGiaY Z,3050 4) § pad dad

cp Y slel | AR pE
Y 1o s
.41 Ak KERE W
44 v bbby
"6 T Tidyr #5 J
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Thermal Conductivity

A measure of the ability of a
substance to conduct heat

Units = calories/seo-cmAC

g2l Jpa 58

lond e e 5D S AF

P e R e i P

Thennal Conductivity of

{calories/sec-cm-"C)

Peanut ol 0410

{vegatables (evg.) x10?

{Meais (avg.) 1.2x10°

Water 12109

Copper 951x103

SUkiial 3 pall g J 2 (lpen B8
ER ]
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£ gl )l i e}
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Thermal Conductivity

T G

Arsa =2 o

Rate of heat transfer {calories/sec) = q = KA(T-T,L

Rate = 4 = 039°2(121-25)/400 = 0.073 calises

q= KA(T-TolL | (WAL o) g ol (S choma

g = 038201 21.28V100 = 0.073 calivec |y Jumd

Heating Time
Depends on:

 -Initial temperature

i -Final temperature

| -Steam temperature

B -Properties of the liquid
* Ligquid volume
-Agitator speed

-Area of steam jacket

-Max. pressure in jacket

Heating Time
Depends on:
Initial temperature 25°C
-Final temperature 85°C

-Steam temperature 1219C
-Propesties of the liguid  Water
-Liquid voiume 800 L
-Agitator speed 22 revimin
~Area of steam jacket 2m2

i ding
p’Ye Ll 54 ol Ap 0 -
p'Ae et s 5 ol Ay 2
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Crossection of Tank

jr

Gtapuall pia a3 plebed

&1‘}.!’” Mm WJ“
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Rabs of heut trovmfar (calorisn/ec) = g = kKA(T T,

9 KALT - Ta VAN . gand 1g 3 a0 8 e

What do we know?

Rate of heal transter = q = kA{T,- T4

k depancds on fluid

Aves = A = 2R = 20,000 cm?
T, =121°C

T, = Z5°C, bat varies with time
L. is unknown but depends on

Hest Capacity

t4h i o3 L
G KA T = ) ad Stk s

Jhed e 233K
tru‘-,vic -'r" "W
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S e i g8 0 Yo T,
e 3hed LB Ay e 2 L
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What do we Know?
Rate of heat transfer = q = KA(T,-T)L
or.
q=KL*A(T,-T,)
or.

q=UA(T,-T))

Where U=K1.
= heat transfer coefficient

4l i il Lo

Selected Heat Transfer

Coefficients
Condition U x 10? {calisec-om®-9C)
Gasses 03t03.0
Viscous iquids 1410138
Water 1360136
Bolling water 40 45 525
Condensing steam 135t a7

4 = KA(T - Tl = 50 ad il Jama
i
q = KLA(T-Ty)
4
g = UA(T-Ty)
U= KA 50 S
F A AN S Jalas ~
| il (3l
alalial
U X 48 {calisec-cm2-C) FOR
AT N
LA TN L1 U g
TalF X! sl
ofs ¥ {» i sl
£0Y e D A,

The variations in the values of
heat transfer coefficients means
you can not look up a value in

a book. it must be measured.

wq}ﬂ&ﬂ&f&ﬁﬁ.&ﬂi&!d
Lo oS b i gl o aa gl iy ¥ o
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What do we Know?
Rata of heat transfer = g = UA(T,-T,)

Varies over the heating time since
the water temperature (T2)
increases with time

T4d mi “:ﬂ La
q = UA(T-T,) = 5 3 o8 SO s

o O 1l ol ga b e g 5
gl aa 3 (T2) old 3 ) sa

What Else do we Know?

The totat heat load is the amount of
heat required to raise the
temperature of the water from 25 to
85°C

Q = MOP{ T Tiomd) = SOM100011{85-25)

= 54,000 calories

Sl Rl 1) Al dan (S 95y

TAs 8 Y0 L slaE 3 An 3 b J ARG

£

Q = MCP(Tour Tuns) = B00x1000xx1(85-25)
= 54,000 calories

Anything Else?

The heat transfer coefficient (U)
is not known with precision.

$ A7 25 Alia

(U)‘;jﬂ&guwdm‘i
A S5y




Two Problems

* The rate of heat transfer is
reduced as the water
temperature approaches the
target

= The heat transfer coefficient (U)
is only an approximation

4

ilCha dal

a0 s Lavie 5l pall Rl Jaaa iy
A stiaall 2y 50l o ol 351 52

Temperature vs. Time

Water tampersiars (*C)
85

25

Tioe {oioetes}

Temperature vs. Time

‘Wealer demperatars £C)
B+T,

Time prinuiey 10

cu Bl (U) (goload Jith Jalea 585 ¢
Joid
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HEAT TRANSFER CALCULATIONS
AGITATED TANK WITH STEAM JACKET

1. ENTER DATA FROM A TEST RUN WITH SMALL TEMPERATURE RISE KEEPING MEAT
TRANSFER COEFFICIENT AT 0.136 CAL/ICM®SEC-'C

2. SET THE TIME INTERVAL SO THAT AT LEAST 100 INTERVALS ELAPSE DURING TEST RUN
{(EXAMPLE: FOR A TEST RUN OF 10 MINUTES THE CALCULATION INTERVAL SHOULD BE 0.1
MINUTE.)

3. SEE HOW THE ACTUAL TIME OF HEATING COMPARES TO THE CALCULATED TIME. CHANGE
THE VALUE OF THE HEAT TRANSFER COEFFICIENT BY TRIAL AND ERROR UNTR. CALCULATED
VALUE AGREES WITH ACTUAL.

4. YOU CAN NOW PREDICT HEATING TIMES FOR THE SAME TANK, SIMILAR FLINDS AND THE
SAME AGITATOR SPEED.

HEAT TRANSFER COEFFICENT 0.135 CALORESICM -SEC-°C MCp =
AREA OF THE HEATING JACKET 81 SOUARE METERS UA 2=
STEAM TEMPERATURE 121 °%¢c
STARTING TEMPERATURE 25%
FINSHED TEMPERATURE DESIRED 85 %
HEAT CAPACITY OF FLUID 1 CALORES/GM-C
VOLUME OF FLUID 8000 LITERS
DENSITY OF FLUD 1 GweM®
TIME INTERVAL FOR CALCULATION 1 MINUTE
HEATING TIME (INTERVALS) LIQUID TEMPERATURE (°C)
o 25
1 257
2 283
3 270
4 218
5 282
e 289
7 295
8 30.1
9 30.7
10 A
1 320
12 2se

-
1]

33.2
338
M4
350
356
38.1
87
373
79
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55
57
58
61
82
83
65
87
89

70
71

74
75
76

384
39.0
398
40.1
40.7
41.2
41.8
423
429
434
43.9
444
450
45.5
4580
46.5
47.0
475
480
485
49.0
49.5
50.0
50.5
51.0
51.5
519
524
52.9
§3.3
53.8
54.3
54.7
552
566
56.1
56.5
56.9
57.4
578
582
58.7
59.1
595
59.9
60.4
80.8
612
616
620
624
628
832
838
640
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844
848
652
85.5
859
063
86.7
870
674
érs
68.1
885

892
006
099
703

no
713
e

730

36
740
M3
748
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Capitai Cost:

» Includes cost of:
~Purchasing equipment
- Installing equlpment
~Housing equipment
- Providing utifities for equipment

-Providing ancillary faciiities (eg.
offices)

Shaaall LR00d 3 TNY

1t L A0 Jas »
e ol ) =
Chane v i -
clid s
il o hgi-
{oSal L) TN 5 g

»To determine feasibility
«To obtain financing
*To screen alternatives

How to Estimate Capital
Costs
+ Determine the cost of each
part
e Add the cost of Installation

= Add direct and indirect
costs
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« Accuracy = f (information)
»The more information
required:
-The estimate itseif:
»Costs more and
»Takes longer
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Cost of Major Items

* Tank (T-1) $35,000

» Pump (P-1) $3,500
* Heat Exch. (H-1)  $45,000
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*MPI + Ancillary
equipment, or

«(MPI) X (Factor)
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Fixed capital = &PI X Factor
Fixed capital = $188,500 ¥ 3
Fixed capital = $565,500

Ancillary equipment cost =
$377,000
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» Size (or capacity)
« Materials of construction

» Operating pressure
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Yotal Fixed Capital Costs:
{Stainless)

Fixed capitat = MPI X Factor
Fixed capital = $188,500 X 3
Fixed capital = $565,500
Ancillary equipment cost =
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Fixed capital = MPI X Factor

Ancillary equip. cost = $377M

Fixed capital = $57M + $377M
Factor = 7.5
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As the unit cost of
equipment increases the
factor decreases
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«“Nothing succeeds like
excess.”

-Oscar Wild

Presumes that the factors
vary with the average unit
cost of MPI

Also, each part of the factory
has its own factor
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RATIO FACTORS FOR ESTIMATING BATTERY-LINT COSTS

ange of Factors as Parcent of Besic Exqulpmmet
AVERAGE UNIT COST OF M.P.L IN 1908 USS 000
ol [ el oven
L3V, SO
S| S2TM | S40M | S5OM | SO
M.P L {Main Plard Revws): X X X b 4 X X x
MUE. (Miscalensous yniisted ) :
i
Ewly fiowsiwaet stage 2010 10% of M.P.L's n all cetagories:
BASIC EQUIPMENT:
Duiivered to shie,
axcioding sales tax
Scope of work well defined 101 1% of M.P.L's in oll celagrrios
Mol Top of ranges: Compliceted
PROCORMN BTy Procees S
:n:malmw#m
Jlow process siups .
%mmwupwuue vo0 {100 | 100 | 1001 100 | 100 | 100
High percentage of equipment involving
high Sk labor 2310 | 2T TaNE 18NS 114 10n8] 151
FIELD ERECTION OF AVERAGE (NIl sinal aquiprent) TBNZ 1T I 115N10] 148 | 158 ] 138
BASIC EQINPMENT
High parceniags of cormosion: makerisle
srxd ciler high unit cost eguipment 127 1A B (105 05 | a5 85
Tervolviegg e fiakd eveclion . ;




AVERAGE UNIT COBT OF M.P.L IN 1908 USS (10
UNDER s‘g’.’zﬂ 0 TO- w | To |OVER
$12M $66M
$20M | $2TM [ 540M 1 SEOM | S66M
HIGH - Predominance of compressors
or mild steel equipment requiring heavy 1712[15H0] 14 | 128 | 118
foundations
EQUIPMENT ey« i stot fabricated 17 16| 105 | e | 7
FOUNDATIONS AND
STRUCTURAL F.MIAVEW = Pradorrinance of
SUPPORTS whioy and other high unitpricefabriceted | 773 | 73 | o3 | am | 73 | a2 | 12
LOW - Equipment mons-or-less
atarcing on the floor 50 |40 | w{w| 2|l w
Wi — R - A ———
HIGH-Gases and licuids,
petrochemicals, BBplants with 10585 | 90/58 | BOV4B | 70140| 58734 | 50730 42125
: substantial ductwork
PIPING (inciudes . :
ductwork excludes SMHHUKGEFGRWMMIUUH& sy | swr27 | a2 | some| sanz] oo 25
nsulaion . B
LIQUIDS AND SOLIDS 313 |2710] 28 [ 168 | 1255 | 10/4 | B0
LOW - Salide 15 (104 a3 ez 6N 0| W
RS — -
VERY HIGH - Substantiel mild steet
aquiprnent requiring legging and very 13110 | 129 | 1007 | & 8BS | 785 | 6M
low temperatures
HIGH - Subutmiial aaub .
INSIALATION OF agging and high temperatires son7 | o | am | M| e | w3 | sm
EQUIPMENT ONLY petrochericsis)
AVERAGEFORCHEMICALPLANTS | 83 |73 | a2 | s2 | 41 | a1 | 2n
LOW 2 (wlwiw oW W
e T N T e — e
VERY HiGH - Substantial mild steel
piping requiring lagging and very low 140 (128 1007 | e | B85 | 75 | B4
srmperatures
INSULATION OF PIPING HIGH - substantial piping requiring
ONLY lagoing nd high femperatires 1844 [$5M2[1310| 118 | o8 | 74 | 43
AVERAGE FOR CHEMICAL PLANTS | 18712 [14M10 128 (10| &4 | &2 | 42
Low 148 (1266 | 105 | o4 | a3 | 42|
b — AR L i L
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AVERAGE UMIT COST OF MPL 1N 1968 USS 0010

$I2M | e | s27n {s00m | s500a | soom

s128 | s2oma | s27ma] seome | s50M
{UNOERI 0 0 {10 | ® m“m“m

ALL ELECTRICAL sxcept
builiiing Nghting asd
frstrumentation

Plants with miki siael equiprmant, haevy
solids

Plants with slloy or high unit-cost
chomical snd petrochemicsl

NOTE: Abowe figuns inchue 1 1o 3%
for BAL outeice Sghting which is not

VIO L1068 |17 |18 95 | M

WHT | ZBN512N13] 148 AR S 127 | 08

lcovaned in Building Services
conirol punols peiochemicels s a3 had
MISCELLANEOUS CHEMICAL r ‘-.,:
A 2BIWNOI T 1SS N a2
F'&.mm“ AB YT IS WO | T2 1 N
INSTRABMENTATION
NOTE: Total insirumentsiion cost doss:
not vary « great deel with size and
Pt s riot raecily calculabed ws &
of Banic: Equiprment. i in doubt,
tailec) entironbes whictil] be e
MSCELLANEOUS Top of ranges: lssge complicatec
inciudes siis preparation, [Frocesses RANGE FOR ALL VALLIES OF BASIC
'm‘mmﬁﬂuneruwm.m EQUIPNENT 8 TO 1%
scoounked for above Pprocesess:
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‘BUILDING EVALUATION

when most of process units are located inside bulidings .
HIGH MEDIUM LOW
QUALITY OF | Brick & E ol EVALUATION
CONST. Stoel

+4 +2 0

VERY HIGH | MOSTLY MOSTLY

UNITCOST | ALLOY MIXED CARBON

TYPE OF EQUIPMENT | STEEL | MATERIALS |  STEEL

EGUIFMENT

-3 -2 -1 Q

OPERATING | VERY HIGH INTERMEDIATE ATMOS,

PRESSURES —
- 2 "1 0
BUILDING CLASS = ALGEBRAIC SUM =

NOTE: When building specifications and dimensions are known, a high-speed
building cost estimate is recommended especlally if buildings are a significant
itern of cost. If a seperate estimate is not possible, evaluate the buildings as
above before salecting the features




ARCHITECTUAL
£ STRUCTURAL
{exclades

SERVICES

AVERAGE UNIT COST OF M.P.1. IN 1908 USS (X10%)

BLDG.

mmammmmmm

sizm | JO | TO | TO | to | TO | ooy

$S20M | $27M | S40M | $50M | soaM

32 | ozma | eet | 7ame | 67m0 | sovaa | 52030 | eam3

MOSTOF 144 70.1] 72/49 | 62/43 | 56/38 | 51733 | 4528 | 41128 | 38/
UNITS INSIDE

BUILDINGS 2 50/37 | 44733 | 4020 | 3525 | 2021 | 2718 | BAS
OPEN-AIR

gl arie | 32113 | 2811 | 248 | 200 | 174 | 142
BURDINGS

NOTE: The following factors are for Battery Limit {process) buiikiings only and are
aexpressed in percent of Building-Architectual & Structurst cost. They are not releted to

the Basic Equipment cost.
HIGH | AVG. | LOW
Compressed sir for general] 4 2 5
sorvice only
|Electric lighting 18 9 5
Sprinkiers 10 8 3
Plumbing 20 12 3
Heating 25 16 8
Ventilation without air
Stioni 18 8 0
Vertilation with air
45 a5 25
conditioning
TOTAL GVER-ALL AVERAGE"] 85 55 20

e over-all serages ave ot Te sum of inciivicdusl cokarne

The sbove faciors apply 1o thowe Reme: nonmally clessified as bullding servioss. They oo relt include:
1. Services bcabed cutside the buliding such as sub-siations, culside swwers, cutside waler Ines si:., alll
1of which srs cormidered 1o be ouicide the Beliery Limi, ss wall ae ouleide the buliing
(2 Provess services:

* The lolals provide v mngee for the iype of bullking involved and are Useltl whan Bw individanl service
are ol known,




STORAGE AND HANDLING IN PERCENT OF BATTERY-LIMIT COST

Grass Roots B/l Addition on
Plant Existing Site

% of B/L Cost

LOW: Raw material by pipeline. Little warehouse 2
0. s

AVG: Average raw material storage & finish-product 15. 25 . a.8
warehousing .
HIGH: Tank farm for raw- material. Substantial 70 20

warehousing for finished product



UTIITIES IN PERCENT OF BATTERY-LIMIT COST

Utilities buldings
Architectual & Structural
Mechanical Services

Compressad Alr System

Electrical Systems
Substation
Distribution
OQuiside Lighting

Gas System

Sewers & Drainage System

Staam System

Water System

Cooling Towers & recirculation

Five Protection
Water Trestrnent

Over-ail averages Tor all

10

Avg

23-30

Range for
Grass Roots
3-10
2-7
05-4
0.1-4
15-6
0.5-35
05-3
0.15-1.5
0-08
13-35
15-11
1-9
05-3
1-10
1-8
05-5
0.15-3
02-1
02-15
05-3
BA. Additions
High Low Avg High
50 3 5-14 30



Main Office

Laboratories

Shops & Stores

Lunchk Rooms

Change Houses

Personnel & Galehouses
Roads, Raiiroads & Fences
Service Equipment
Miscellaneous

Over-all averages for tolal

E

5

CENT OF +
Grass Roots
Avg. High
10- 16 20

+U

0

Range for
Grass Rosts

1-56

1-8
0-22

0-22

13-585
05-45

05-2

B/ Additions

Avg. High

2-8

15
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CALCULATION SHEET FOR FACTOR ESTIMATING

Division & Location  [Proj, or Skudy No. | JTITLE [OATE
[Requested by ICAPACITY
COST 8 FACTOR
g‘;; ;;i 1906 |CURRENT] OR Low |ProBamEe| mGH
- ACCURACY
AVERAGE UNIT COST OF M.P.1'S IN 1809
M.P.I {main plant kerns) Estimated
M UE (Misceflensous unbisted equipment)
BASIC EQUIPMENT (M.P.L+M.U.E) £00
{EXCLUDING SALES TAXES)
REMARKS
Fiekd eraction of Dasic
Equipment
Equipment
Foundations &

TOTAL FACTORED ITEMS ADJUSTED

DIRECT COST OF BA. {saciuding taxes)




SUMMARY SHEET FOR FACTOR ESTIMATING

Division & Location |Proj. or Study No.
|Requested By

TITLE

CAPACITY

DATE

FACTOR
OR
ACCURACY

Low

PROBABLE

HIGH

BIRECT COST OF BA.
STORAGE AND HANDLING

UTILIMES

SERVICES
{in per cent of B/L + S&H + U)

TOTAL BA + AUXILIARIES

TAXES

TOTAL DIRECT COST

INDIRECT COSTS:

CONSTRUCTION FIELD, O.H. & PROFIT
ROYALTIES, LICENCES AND PATENTS

ENGINEERING,

TOTAL INDIRECT COSTS

TOTAL DIRECT AND INDIRECT

CONTINGENCIES

TOTAL APPROPRIATION




THERMALLY PROCESSED LOW-ACID
FOODS PACKAGED IN HERMETICALLY
SEALED CONTAINERS

Code of Federal Regulations
Title 21, Part 113
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21 CFR PART 113—THERMALLY PROCESSED LOW-ACID FOODS
PACKAGED IN HERMETICALLY SEALED CONTAINERS

AUTHORITY: Secs. 402, 701, 704 of the Federal Food, Dmg, and Cosmetic Act (21 US.C. 342, 371, 374); sec. 361
of the Public Health Service Act (42 U.S.C. 264).

SOURCE: 44 FR 16215, Mar. 16, 1979, unkess otherwise noted. )

Subpart A—General Provisions

§ 113.3 Definitions.
For the purposes of this part, the following definitions apply:

(a)

()
(<)
(@

(=)

®
®

()

@
@
&)
o

Aseptic processing and packaging means the filling of a commercially sterilized cooled prodect inso presserifized
mm&mmmm;mManmmdm

Bke&nmmmmdbmw&&%%&mmﬂmuauﬂum
circulstion of steam in such retorrs und steam chambers. Bleeders may serve a3 2 meant of removiag condensme.
Come-up-time mesns the time which elapees between the imtroduction of steam into the closed relort and the tone
when the retort reaches the reguired processing tempersture.
Commercial processor inchades any person eagaged in cocmnercial, custom, or institutional {clwwch, school. pesal,
or other organization) processing of food, including pet food. Persons engayed in the prodoction of foods dsat e
to be uzed in market or consamey tests are also inchaded.
Commercial sterility:
(1) “"Commercial sierility”” of thermally processed food means the condition achiewed—
(i} By the spplication of heat which renders the food free of—
(ﬂmwdmmﬁmmmmma
storage and distribwtion; and
(b} Viable microorganisms {inclading spores) of pablic health significance; or
(i) Byumdmmmuwsummumm&m
capablc mmmmmmmmdmﬁm
(2) *‘Commercial stenility” of equiproent snd conbriners wsed for sseptic processing snd paciaging of food
means the condition achieved by application of heat, chemical sterilaa(s), or other apgwopriate tremtracat that
renders the equipment and containers free of visble microorganisms Baving public bealth siguificance, as well
a8 micyoorganisms of nonbealth significance, capable of reproducing in the food ander sormal nomeefrigerased
conditions of stoeage and distribution_
Critical foctor mwans any property, characieristic, condition, aspect, o other parameter, varistion of which may
affect the scheduled process and the sttaisanent of commercial sterility.
Flome stevilizer means an appanstus in which hermetically sealed containers ane agitated at
wmwmmmmmmwmnmm
temperatores. A holding period in a heated section may follow the initisl besting pexiod.
Hmmumwmmamdm product (genenily the liquid swface) in an
upright rigid contsiner and the top edge of the container (the wp of the double seam of 2 can or the top edge of
A glass jor).
Headspace, net of a coatainer & the vertical distsnce between the level of the product (generally the liguid surface)
in the apright rigid container and the inside sorface of the hid
Hermetically sealed container means 3 container that is designed and indended 10 be secwe: against the ontry of
microocganisms and thereby o maintain the commercial stexility of its contenis after proceasing.
Incubation means the holding of a ssmpie(s) st a specified tempersture for & specified period of Geee for the
puarpose of permitting or stimulating the growth of microorganisms.
Initial temperature mesns the average temnperature of the consents of the colkdest comtainer 10 be processed ot the
time the thermal processing cycle begins, as determined afier thorough stiuring or shaking of the filled wad

sealed conlxmer,

{m) Lot means that zzpount of a product prodoced during & period of time indicated by & specific code.
{n) WMMQ}MWM&MManmMﬁp@uM4§

and & waler activity (a,) greater than 0.85. Tomatoes and tomato products having a fisished equilibriom pH o
than 4.7 are not classed as Jow-acid foods.
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(0) Miniruen thermal process mesns the application of heat w food, either before or afier sealing in 2 hermetically
sealed container, for a period of time and at 8 temperature scientifically determined to be adequate to ensure
destruction of microorganisms of public health significance.

{p} Operating process means the process selected by the processor that equals or exceeds the minimum requirernents
set forth in the scheduled process.

{g) Retort means any closed vessel or other equipment used for the theemial processing of Toods.

{1y Scheduled process means the process selected by the processor as adequate nnder the conditions of manufacture
for 2 given product w achieve commercial sterility. This process may be in excess of that necessary to ensure !
destruction of microorganisms of public health significance, and shall be at least equivalent to the process established |
by a competent processing authority to achieve commercial sterility, '

{s) Shail iz used to state mandatory requirements.

(5) Should is used to state recommended or advisoty procedures or to identify recommended oguipment.

{u) Vocuum-packed products means those products that are sealed in a container under the vacuum specified in the
scheduled process, the maintenance of which vacuum is critical to the adequacy of the scheduled process.

(v} Venis means openings through the retort shell, controlled by gate, plug cock, or other adequate valves used for |
the elimination of air during the venting period. ;

{w) Water activity (a,) is 8 measure of the free moisture in a product and is the quotient of the water vapor pressure
of the substance divided by the vapor pressure of pure water at the same tempersture.

§ 113.5 Current good manufacturing practice.

The criteria in §§ 113.10, 113.40, 113.60, 113.81, 113,83, 113.87, 113.89, and 113.100 shall spply in determining
whether the facilities, methods, practices, and controls used by the comwmercial processor in the manufacture, processing,
or packing of Jow-acid foods in hermetically sealed containers are operated or administered in amnwﬁequate o

protect the public health.

§ 113.10 Personnel.

The operators of processing systems, M,Wcmmdmmwmmmmmm
(incloding systems wherein water activity is used in conjunction with thermal processing) and container closure

inspectors shall be under the opersting supervision of a person who has attended a school approved by the Commissioner
for giving instruction appropriate to the preservation technology involved and who bas been identified by that schoal

as having satisfactorily completed the prescribed counrse of instruction. This person shall supervise oaly in those areas
for which a school approved by the Commissioner identifies the person as having satisfactorily completed training.

Subpart B—[Reserved]

Subpart C—Equipment

§ 113.40 Equipment and procedures.

{a) Equipment and procedures for pressure processing in steam in still retorts—

(1) Indicating mercury-in-glass thermometer. Each retort shall be equipped with at least one mercury-in-glass
thermometer whose divisions are essily readable to 1°F and whose temperatire range does not exceed 17°F
per inch of graduated scale. Thermometers shall be tested for acouracy against & known accurate standard
thertnometer upon installation and at least once a year thereafier, or more frequently if necessary, to ensure
their accuracy. Records of thermometer accuracy checks that specify date, standard used, method used, and
person performing the test should be maintained. Each thermometer should have a tag, seal, or other means
of identity that includes the date on which it was last tested for accuracy. A thermometer that has a divided
mercury columa or that cannot be adjusted to the standard shall be repaired or replaced before further use
of the retort. Thermometers shall be installed where they can be accurately and easily read. Bulbs of indicating
thermometers shall be installed either within the retort shell or in external weils attached to the retort. External
wells or pipes shall be connected to the retort through at least & 3/4-inch diameter opening and equipped
with a 1/i6-inch or larger bleeder opening so located as to provide a full low of st=am past the length of
the thermometer bulb. The bieeders for external wells shall emit steam continuously during the entire
processing period. The mercury thermometer—not the recorder chart——shall be the reference instrument for

indicating the processing temperature.

192



(2) Temperature-recording device. Exch still retort shall bave an sccurate temperature-recording device. Grades-
tions on the temperature-recording devices shall not exceed 2°F within a range of 10°F of the processing
temperature. Each chart shall have a working scale of not more than 55°F per inch within a range of 20°F
- of the processing tempersture. The temperature chart shall be adiusted o agree as nearly as possible with,
bk to be in no event higher than, the known accurate mercury-in-glass thenmometer during the process time.
A means of preventing unauthorized changes in adjustment shall be provided. A Jock, or & notice from
mansgement posied at ar near the recording device which provides a warning that caly suthorized persons
are permitted 1o make adjusteacnts, is 2 satisfactory means for preventing unaothorized changes. The recorder
may be combined with the steam controtier and may be & recording-controlling instrament. The temperatare-
recorder budb shall be instalied either within the retort shell or in & well attached to the shell. Each temperatore-
recorder bulb well shall have a 1/16-inch or larger blecder which emits steam continsously during the
efmh;. pexiod. Air-opersied temperature controllers shonld have adequate filier syseems 50 easare 5 supply

¢ dry air.

(3} Pressure gages. Each retort should be equipped with a pressure gage that shoald be gradusted in divisioas
of 2 pounds or Jess.

{4) Steam comiroller. Exch retort shall be equipped with an sutowmstic stesmn controlier 1o maintaia the: reson
tenperstore. This may be a recording-controlling instrament whes combined with 2 reowding thermosaeter.
The steamn controfler may be sir-opersted and actusted by & wmpersture seasor positioned mear the mercwry-
n-glass thermometer i the retot; 2 steam controller activated by the steam pressure of the retort i acceptable
if #t is carefully maintained mechanically so that it operstes saticfactorily.

{5) Sicam inler. The sseam inlet 10 each still retort shall be large enongh to provide sufficicst ssiean for proper
operation of the retort. Steam may enter either the: top portion or the botsomn portion of the resort but, ia my
case, shall cnter the portion of the retort opposite the vent; for example, sseam inet in botsom postion and
vent in 10p portion.

{8) Crate supports. A bottom crsie support shall be psed in vertical still retocts. Baffie plaes shall ot be wsed
in the bottom of still retoets.

(7) Steam spreaders. Sicmm spreadess are continnations of the stieam inlet line inside the resont. Hoxizomtal still
resorts shall be equipped with steam spreaders that exiend the eagth of the retort. For sieam spreaders skong
the bottom of the retort, the perforations should be along the top 90 of this pipe, thet is, withis 45° on cither
side of the wp center. Horizontal still retorts over 30 feet long should have two steams inlets commected %
the spreader. In vertical still retorts, the stean spresders, if used, should be pesforsted slong the center Ene:
of the pipe facing the intevior of the retort oc along the sides of the pipe. The sumber of perforations should
be such that the total cross-sectional ares of the perforations is equal to 1 172 to 2 times the aoss-scctionsl
area of the smaflest restriction in the stemn indet line.

(8) Bleeders. Bleeders, except those for thermometer wells, shall be one-cighth inch or larger and shall be wide
open during the entire process, incinding ihe come-up-time. For horizootal stilf resovts, bloediers shall be
located within approximately 1 foot of the outermost locations of containers at each end along the vop of the
retort; additional bieeders shadl be located not more than 8 foet apart slong the wop. Bleoders may be installed
st positions other than those specified above, as long as there i cvidence in the form of hest distribution
dats that they accomplish adeguate rewaoval of air and circalation of steam within the retort. Vertical resorts
shall have al least one bleeder opening located in that portion of the retort opposite the steamn inlet. In resons
having top sieam inlet snd bottom venting, 2 blecder shall be instatied in the boom of the resort 10 rEmove
condensate. All bleeders shall be arranged 5o that the operstor cas observe that they are fanctioning properly.

(9) Sxacking eguipment and position of containers. Crates, ways, gondolss, etc., for holding contaimers shall he
m«mmwmmmemmmmmmm
is used for the bottoms, the perforations should be approximstely the equivalest of 1-iach boles om 2.imch
centers. If dividers are used between the layers of containers, they should be perforsed as abowve. The
positioning of contxiners in the retart, whes specified in the scheduled process, shall be in acoordemce: with
that process.

{10} Air valves. Retorts using sir for pressore cooling shall be equipped with a suitsble valve 10 prevest aix leakage:
w0 She retont oring processing.

{11) Water vaiver. Retorty using water for cooling shalt be equipped with s suitable valve 1 prevest leakage of
water into the resort dering processing.

(12) Yewrs. Vents shall be installed in such & way that air is removed from the retort before timing of the process
is stanted. Vents shall be controlled by gate, plug cock. o other sdequate type valves which stall be fully
open 16 permit rapid discharge of xis from the reiort during the veating period. Vents shall ot be commected
&Mywzm&mmﬁummumduammmnhmwuﬂu
the line before it connects 10 & closed drain. The vent ghall be located in that portion of the retort apposite
the steam inlet; for example, steam inlet in botiom portion and vent in top portion. Where a retort manifold
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connects several vent pipes from a single still retort, it shall be controlled by a gate, plug cock, or o
adequate type valve. The retort manifold shall be of a size that the cross-sectional area of the pipe is lar
than the total cross-sectional area of all connecting vents. The discharge shall not be directly connectec
a closed drain without an atmospheric break in the line. A manifold header connecting vents or manifc
from several still retorts shall lead to the atmosphere. The manifold header shall not be controlled by a va.
and shall be of 5 size that the cross-sectional area is at least eqgual o the total cross-sectional area of
connecting retort manifold pipes from all retorts venting simultaneously. Timing of the process shall n
begin until the retort has been properly ventad and the processing temperature has been reached. Somme typie
installations and operating procedures reflecting the requirements of this section for venting still retorts 2
given in paragraph {(a}{(12)(i){a) through (d) and (ii)(a) and (&) of this section.

(i) Venting horizontal reforts. _

{a) Venting through multiple I-inch vents discharging directly to atmosphere.

. . Specifications. One 1-inch vert for every § teet of retost
1-in. pute valve I..ia. vent length, equipped with 2 gate or plug cock valve and dischargin

i S o aimosphere; end venis nol more than 2 1/2 feot from ends ¢
i refort,
( Venting method. Vant valves should be wide open for at jeas
F er 5 minutes and to ut least 225°F, or at lsast 7 minutes and to at
= =

least 220°F,

(b) Venting through multiple 1-inch vents discharging through a manifold to atmosphere.

Spacifications, One 1-nch vert for every § leet of retornt .
Gate valve Manifold ongth; and vents not over 2 172 feet from ends of retort: Siza of
manifoki-for retornts less han 15 faet In longth, 2 1/2 inches; for
retorts 15 feet and over in length, 3 inches. :
Vonting method. Menilold vent gate orf plug cock valve
be wide cpen for at kxast 6 mimnites and 10 at least 285°F, or
at least 8 minutes and to st least 220°F,

{c) Vesnting through waler spreaders.

Sire of vant and vent vaive. For retorts less than 15 feet in
Iengm 2 inches; for reloets 15 leet sryd over In length, 2 12

Szzedmm For retorts less than 15 feet in length,
1 12 inches; tor retonts 15 feat and over in length, 2 inches, The
number of holes should be such that their total cross-soctionat
aren is approximately sxual to the cross-sectional ares of the
vt pipe injel.

Venling rmethod. Water spresder vant gate or plug cock valve
should be wide opan for at loast 5 minutes and to a) least
2258°F, or for at least 7 mimses and 16 al least 220,

v“g Gioﬁc valve

(d) Venting through a single 2 1/2-inch top vent {for retorts not exceeding 15 feet in length).

gate ¢r plug cock valve ard iocated within 2 feet of the centar of
tha retort.

Vanting mwsthod, Vent gate or plug cock vaive shoukd be wide
open for at teast 4 minutes and to at igast 220°F,

Vent .. &WGttl valve Specifications: A 2 1/2-inch vent equipped with 2 2 1/2-inch

_Stemm spresder

e—

“*‘*""“Inlet

Pt



{id) Venting vertical retores.
(a) Venting through a | 1/2-inch overflow.

Overflow pipe as vent Specilications. A 1 1{2-4nch overiow pipe equipped with a
1 H2dinch gate or piag cock valve s wilh not move than & fest of

i cate 1 1/2-nch pipe beyord e vaive belore brask 10 e skmceptiers
valve O
my vy mmmw«mmmmmm
open for ol lesst 4 minulos aivl 1 ot east 218°F, or for of Semet
S minctes and to of loast Z15'F. .
F 4
Stean

sgrudar |
=~~Inlet

{b) Venting through a single 1-inch side or top vent.

I-in wvent._ ~Gate valve 1mwup£m::‘MMm:'
smosphers of 30 & manliok head,

Vintinng meliuxl. Verd gele or plog ootk veive should be widle
opan for i leest S mirvies and ¥ a2 least 230°F, or for at Seest
i 7 mirnias anv o st et 220°F.

Stean
spreadey

Inlet

(iii) Orher imstallations and operasting proceduces that deviste from the above specifications may be uwed if
there is evidence in the form of hest distribution data, which shall be kept on file, that they accomplich
adeqgoase veating of air.

(13) Crivical factors. Critical factors specified in the scheduled process shall be mexsured sud reconded on the
processing record at intervals of sufficient frequency i ensure that the factors ate within the limits specified

i the scheduled process.

() Whea maximom fill-tx or dexined weight is specified in the scheduled process, it shall be measwed sad
recorded at intervals of sufficient frequency o ensire thet the weight of the product does ot exceed
the maxioum for the given container size specified in the scheduled process.

(ii) Closing machine vacoem in vacuum-packed prodocts shall be observed and recorded of istervals of
sufficient frequency to ensore that the vacuum is as specified in the scheduied process.

{iti} Soch measurements and recxdings should be made st intervaly not 1o excoed 15 mimstes.

{iv) Whea the product tyle results in stratification or layesing of the primary prodiact in the contaimers, the
positioning of containers in the retowt shall be according t0 the scheduled process.

(b) Eguipment ond procedures for pressure processing in water in siill retorts—-
(1)lma¢mﬂy-wgkum Each retort shall be equipped with at lesst ome mercery-in-glass
thexmometer whose divisions ace easily readable to 1°F and whose semmpertare cange does not exceed 17°F
pex inch of gradussed scale. Thermometers shall be ested for accuracy against a knows accorse standard
thermometer upon instaliastion and at jeast once a year thereafier, or more frequently if mecessary, to ensore
their accuracy. Records of thermometer accaracy checks which specify date, standard used, method osed,
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and person performing the test should be maintained. Each thermometer should have a tag, seal, or othe

means of identity that includes the date when it was last tested for accuracy. A thermometer that has a divide

mercury column or that cannot be adjusted to the standard shall be repaired or replaced before further us
of the retort. Thermometers shail be installed where they can be accurately and easily read. Bulbs of indicatin,
thermometers shall be located in such a position that they are beneath the surface of the water throughou
the process. On horizontal retorts, this entry should be made in the side at the center, and the thermometer..
bulbs shall be inserted directly into the retort shell. In both vertical and horizontal retorts, the thermometer
bulbs shall extend directly into the water & minimum of at least 2 inches without a separable well or sleave.

The mercury thermometer—not the recorder chart-—shall be the reference instrument for indicating the‘i

processing temperatuce.

(2) Temperature-recording device. Each still retort shall have an accurate temperature-recording device. Gradus-
tions on the tempersture-recording devices shall not exceed 2°F within 2 range of 10°F of the processing§
temperature. Each chart shall have a working scale of not more than 55°F per inch within a range of 20°F
of the processing temperature. The temperature chart shall be adjusted to agree as nearly as possible with, |
but to be in no event higher than, the known accurate mercury-in-glass thermometer during the process time,
A means of preventing unauthorized changes in adjustment shall be provided. A Jock, or a notice fmm !
management posted at or near the recording device which provides a waming that only authorized persons il
are permitted to make adjustments, is a satisfactory means for preventing unauthorized changes. The recorder
may be combined with the steam controller and may be a recording-controlling instrument. The recording-
thermometer bulb shouid be located adjacent to the bulb of the mercury-in-glass thermometer, excep in the
case of a vertical retort equipped with a combination reconder-controller. Tn such vertical retorts, the temperature
recorder-control bulb shall be located at the bottom of the retort below the fowest crate rest in such 2 position
that the steam does not strike it directly. In horizontal retorts, the emperature recorder-control bulb shall be
focated between the water surface and the horizontal plane passing through the center of the retort so that
there is no opportunity for direct steam impingement on the control bulb. Air-operated temperature controllers
should have adequate filter systems to ensure a supply of clean, dry air.

(3} Pressure gages.

(i} Each retort should be equipped with a pressure gage, which should be gradusted in divisions of 2 pounds
of less.

{ii} Each retort should have an adjustable pressure relief or control valve of a capacity sufficient to prevent
an undesired increasc in retort pressure when the water valve is wide open and should be installed in
the overflow line,

(4} Steam controller. Mmmﬁﬁmmwahanmmmcmmmmmﬂmm
temperature. This may be a recording-controlling instrument when combined with a recording thermometer,

(5} Steam introduction. Steam shall be distributed in the bottom of the retort in a manner adequate to provide
aniform heat distribution throughout the retort. In vertical retonts, uaifonm steam distribution can be achieved
by any of several methods. In horizontal reterts, the steam distributor shall nin the length of the bottn of
the retort with perforations distributed uniformly along the upper part of the pipe.

{6) Crate supports. A bottom crate support shall be used in vertical stifl retorts, Baffe plates shall not be used
in the bottom of the retort. Centering guides should be installed so as 10 znsure that there is about a 1 1/2-
inch clearance between the side wall of the crate and the retort wall. _

(7} Stacking equipment and position of contginers. Crates, trays, gondolas, ec., for holding containers shall be
made of strap iron, adequately perforated sheet metal, or other suitable material. When perforated sheet metal
is used for the bottoms, the perforations should be approximately the equivalent of 1-inch holes on 2-inch
centers. If divider plates are used between the layers of contaimers, they should be perforated as above. The
positioning of containers in the retort, when specified in the scheduled process, shalt be in accordance with
that process. Dividers, racks, trays, or other means of positioning of flexible containers shall be designed
and employed to ensure even circulation of heating medium around all containers in the retort.

(8) Drain valve. A nonclogging, water-tight valve shall be used. Screens should be installed over all drain openings.

(9) Water level indicator. There shall be a means of determining the water level in the retort doring operation,
¢.g., by using a gage, water glass, or petcock(s). Water shall cover the top layer of containers during the
entire come-up-time and processing periods and should cover the top layer of containers during the cooling
periods. The operator shall check and record the water level at intervals sufficient to ensure its adequacy.

(10} (i) Air supply and controls. In both horizontal and vettical still retorts for pressare processing in water, a

means shall be provided for introducing compressed air at the proper pressure and rate. The proper
pressure shall be controlled by an automatic pressure controt unit. A check valve shall be provided in
the air supply line to prevent water from entering the system. Air or water circulation shail be maintained
continuously during the come-up-time and during processing and cooling periods; the adequacy of the
air or water circalation for sniform heat distdibution within the retort shall be established in accordance
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with procedures recognized by a competent processing authority and records shall be kept on file; if air
is used to promote circalation, it shall be introduced into the steam line 8t a point between the retort
and the steam controf valve at the bottom of the retort.

(i) Water circulation. When 3 water circolating system is used for beat distribution, i shall be instalied in
such & manner that water will be drawn from the bortom of the retoet through a suction manifold aad
dischasged throngh a spreader which extends the ength of the top of the retost. The holes in the water
mm&wmmmmmnwmmmm&em
section area of the outlet line from the pamp. The suction outlets shoukd be prosecied with
xuumtn&upddmsﬁumuawmgﬁnmamhmgsymmunu;nmpﬂaubcemqnndﬁmhcgmm
light or other signaling device 1o warm the operator when it is not ronaing, and with 2 bleeder m remove
air when starting openations. Alternative methods for circulation of water in the resort may be used whea
established by 2 competent suthority as adequaie for even heat distribution.

(11) Cooling water supply. In vestical retonts the cooling water shovld be introduced st the wp of the resornt
between the water and comtainer jevels; in horizontal netons the cooling waser should be introduced i the
suction side of the pump. A check valve should be included i the cooling water bne.

(12) Retort headspace. The hesdspace necessasy 10 cootrol the sir pressare should be maintaimed betwees the
water level and the 10p of the retort shell.

(13} Vertical and horizontal still reforts. Verticat and hoeizontal stifl retorts should foliow the
@mmm&mmmmmmmmmm
armangements may be used, as loog as there is evidence in the form of heat distribution data or other suitable
information, which shall be kept on file, that demonstrates that the beas distribution is sdequase.
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{14) Critical factors. Critical factors specified in the scheduled process shall be measmed and rocovded on the
processing recond af intervals of sufficient frequency 10 ensure that the factors are within the Emits specified
in the scheduled process.

@) mmﬁ%uwhwwmummummtﬂ&Mﬁ
mumdmmwmwuwammm-ﬁm

sufficient frequency 0 cosure that the vacoum is as specified in the scheduled process.
(i) Such measurements and recondings should be made at intervals pot 0 exceed 15 mimnes.
{iv) When the product style reselts in stratification or Jayering of the primary prodect in the cootsiners, the
positioniag of containers in the retort shall be according o the scheduled process.
{c) Qumﬂpmr&mﬁrmmpmmgmmhmmm ]
(1) Indicating mercury-in-glass thermometer. Each retort shall be equipped with st least ane
thermometer whose divisions sre easily readable to I°F and whose tempersture range does a0t exoeed 1 7F
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per inch of graduated scale. Thermometers shall be fested for accurscy against & known accurate standa
thermometer upon instalistion and st Jeast once a year thereafter, or more frequently if necessary, to ensu
their accuracy. Records of thermometer accuracy checks which specify date, standard used, method use
and person performing the test should be maintained. Each thermometer should have a tag, seal, or oth:
means of identity that includes the date on which it was last tested for accuracy. A thermometer that has
divided mercury column or that cannot be adjusted to the standard shall be repaired or replaced before furthe
use of the retort. Thermometers shall be installed where they can be accurately and zasily read. Bulbs 3,
indicating thermometess shall be installed either within the retort shell or in external wells artached to the
retort. External wells or pipes shall be connected to the retort through at feast a 3/4-inch diameter opening
and equipped with a 1/16-inch or larger bleeder opening so located as to provide a full flow of steam pas
the iength of the thermoteter bulh. The bleeders for exiernal wells shall emit steam continuousty during the
entire processing period. The mercury thermometer—not the recorder chart—shall be the reference instrumeni
for indicating the processing temperature.

(2) Temperature-recording device. Fach retort shall have an accurate temperature-recording device. Graduations
on the temperature-recording devices shall not exceed 2°F within a range of 10°F of the processing temperature.
Bach chart shall have 2 working scale of not more than 55°F per inch within a range of 20°F of the processing
temperature. The temperature chart shall be adjusted to agree as nearly ag possible with, but to be in no
event higher than, the known accurate mercury-in-glass thermometer during the process time. A means of
preventing unauthorized changes in adjustment shall be provided, A lock, or a notice from mmgmntﬁ
posted at or near the recording device that provides a warning that only authorized persons are permitted to |
make adjustments, is a satisfactory means of preventing unanthorized changes. The recorder may be combined
with the steam controller and may be a recording-controlling instrument. The temperstare-recorder bulb shall |
be installed either within the retort shelt or in a well sttached to the shell. Each temperature-recorder bulb |
well shall have a 1/16-inch or larger bleeder opening emitting stecam continuously during the processing !
period. Air-operated temperature controllers should have adequate filter systems to ensure a supply of clean,

air.

{3) Pressure gages. Bach retort should be equipped with s pressure gage that should be graduated in divisions E
of 2 pounds or less. )

{4} Stzam controfler. Each retort shall be equipped with an automatic steamn controller to maintain the retort

" temperature. Thiz may be 4 recording-controlling instrument when combined with a recording thermometer,
A sieam controller activaied by the steam pressure of the retort is acceptable if it is carefuily maintained i
mechanically so that it operates satisfactorily.

(5} Bleeders. Bieeders, cxoept those for thermometer wells, shall be one-sight inch of larger and shall be wide E

open during the entire process, including the come-up-time. Bleeders shall be located within approximately

1 foot of the ontermost location of containers at each end along the top of the retort; additional bleeders
shall be Jocated not more than B feet apart aleng the top of the retort. All bleeders shall be arranged so that
the openator can observe that they are functioning properly. The condensate bleeder shall be checked with
sufficient frequency to ensure adequate removal of condensate or shall be equipped with an automatic alarm
system{s) that wounid serve as a continuous moenitor of condensate-bleeder functioning. Visual checks should

be done at intervals of not more than 13 mimutes. A record of such checks should be kept to show that the
bleeder is functioning propecly. -

{6) Venting and condensate removal. Vents shall be located in that portion of the retort opposite the steam inlet,
Air shall be removed before processing is started. Heat distribution dats or documentary proof from the
manufacturer or from a competent processing authority, demonstrating that adequate venting is achieved,
shall be kept on file. At the time steam is tumed on, the drain should be opened for & time sufficient to
remove steam condensate from the retort, and provision shall be made for continuing dreinage of condensate
daring the retort operation. The condensate bleeder in the bottom of the shell serves as an indicator of
continuous condensate removal.

{7) Retort speed timing. The rotational speed of the retort shall be specified in the scheduled process. The speed
shall be adjusted and recorded when the retort is started, at any time a speed change is made, and at intervals
of sufficient frequency to easure that the retort speed is maintained as specified in the scheduled process,
These adjustments and recordings should be made every 4 hours or iess. Alternatively, a recording tachometer
may be used to provide a continuous record of the speed. A means of preventing unauthorized speed changes
on retorts shall be provided. A lock, or a notice from management posted at or near the speed adjustment
device that provides 2 warning that only authorized persons are permitied to make adjustments, is a satisfactory
mesns of preventing unauthorized changes.

(8) Emergency stops. If a retort jams or breaks down during processing operations, necessitating cooling the
retort for repairs, the retort shafl be operated in such a way that ensures that the product is commercially
sterile, or the retort is to be cooled promptly and all containers either reprocessed, repacked and reprocessed.
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or discarded. When operated as & still retort, all containers shall be given a full still resort process before the
retont is cooled. I, in such an emergency. a scheduled still process or-another process cstablished w0 ensure
cormercial sterility is to be used, it shall be made readily available to the retort operator.

(i) Any contxiners in the retory intake valve or in transfer valves between cooker shells of a comtiauous
retoet at the time of breakdown shall either be reprocessed, repacked and reprocessed, or discarded.
(i) Both the time at which the reel stopped and the time the resort was used for a still retort process, if so
used, shall be marked on the recording chant and entered on the other production recands required in
this chapter. If the alternative procedare of prompt cooling is followed, the subsequent handling methods
used for the containers in the retort st the time of stopping snd cooling shall be casered on the

prodection records.

(9)rmmm3kmdwmmmm&wwgm
scheduled process while containeys are in the retet, the relont reel shall be stopped prompty. As sstomatic
device should be psed o stop the reel when the tempersture drops below the specified process semperature.
Before the reel is restarted, all containers in the retort shall be given & complete scheduled still roloet process
if the temperstom: drop was 10°F or more below the specified semperatare, or sierastively, costsiscr entry
o the resort shall be stopped and the reel restaned o empty the retort. The discharged contaimers shall be
cither reprocessed, repacked and reprocessed, or discarded. Both the tine at whick the reel stopped and the
time the retort was used for a still retort process, if 5o used, shall be marked om the recovding chert and
entered on the other production records required in this chapter, If the alternative procedure of emptying the
retort is followed, the subwequent handing methods wsed for the containers in the retort ot the: tiane of the:
temperature deop ghafl be entered on the production reconds. If the temperatare drop was jess thas 10°F, &
scheduled authorized emergency still process approved by a gualified person(s) baving expest knowledge of
theymal processing requirements may be used before restarting the retort reel. Aleymatively, contaimer entry
to the retort shall be stopped and an suthorized emergency agitsting process msy be aned before container
mm&MSMWWMWMmmmmeﬂ
the process and procedares used shall be noked on the records.

{10} Critical factors. Critical factors specified in the scheduled process shall be measwed and recorded on the
WMuMdMMQmmmm“mﬁmm -
in the scheduled process. The minimen headspace of containess, if specified in the scheduled process, shall
hmﬁdmﬁdam@dnﬁmﬁw&m&ﬂ%huwﬁn
the scheduded process. The headspace of solder-tipped, lepecara (vent hole) cans may be measawed by met weight
deserminations. The headspace of double seamed cans may also be measored by met weight desermisotions for
beadspace. if proof of the accurscy of sach mesnrements is maintsined snd the procedee and resaltan
headspace is in sccordance with the scheduled process. When the prodect consistency is specified im he
schedaled process, the corsistency of the prodact shall be determined by objective sacasseemests on the
product takea from the filier before processing sod reconded ot intervals of seficient frequeacy © cnswee
that the consistency is as specified in the schedaled process. Miniwem closing moachine vacwms in vacwses-
packed products, maximmm fill-in or deained weight, minitomm pet weight, sad percess solids shall be as
specified in the scheduled process for all products when deviations from sach specifications sy affoct the
scheduled process. All measorements and recondings of critical factors shoald be made ot imervals st 1
exceed 15 mimtes.

{d) Eguipment and procedures for pressure processing in steam in discontinwous agimting retorty—

(t)mwm Each retont shall be oquipped with at Jeayt ome i

thermometer whose divisions are easily readable to 1°F and whose iemperatore range does wot exceed 1 7F
per inch of gradesied scalde. Thermometers shall be tested for accuracy agaiast s known acowesie standard
thermometer wpon installation sad at least once & year thereafier, or more frequestly if accessary, W coseee
their sccuacy. Records of thermometer accumacy checks which specify date, standard weed, ssctiod weed,
and person pesforming the test should be maintained. Each thermometer should have s tag. aeal, or other
mexns of Mdeatity that iacludes the date on which it was asi tesied for accoracy. A thermomeder Shal hat
divided mercury columo or that cannot be adjosted w the standard shall be repaired or replaced before ferther
wse of the rwiort. Thermometers shall be installed where they o be accurstely and easily wad. Bulbs of
inciicating thermometers shall be installed either within the retort shell or in external wells atached w the
retort. Extesnad wells or pipes shall be coanected \o the retort through at Jeast 2 34-inch dismeter opening.
and equipped with a 1/16-imch or larger bleeder opening 50 locaied a5 to provide a fall flow of sieam puast
the length of the thermometer bulb. The bleeder for external welly shall emit stemn contimnously daring the
entire processing peviod. The mercury thermomneter—anot the recorder chart-—shall be the reference instrument
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(2) Temperature-recording device. Each retort shall have an accurate temperature-recording device. Graduations
on the temperature-recording devices shall not exceed 2°F within a range of 10°F of the processing temperature.
Each chart shall have a working scale of not more than 55°F per inch within & range of 20°F of the processing
temperature, The temperature chart shail be adjusted to agree as nearly as possible with, but to be in no
event higher than, the known accurate mercury-in-glass thermometer daring the process time. A means of
preventing unauthorized changes in adjustment shall be provided. A lock, or a notice from management
posted at or near the recording device that provides a warning that only authorized persons are permitted to
make adjustments, is a satisfactory means for preventing unauthorized changes. The recorder may be combined
with the steam controller and may be a recording-controliing instument. The temperature-recorder bulb shall
be installed either withia the retort shell or in a well attached to the shell, Each temperature-recorder butb
well shall have a Y16-inch or lazger blesder opening emitling steam continwously duriog the processing
period. Air-operated temperature controflers should have adequate filter systems to ensure a supply of clean,
dry air. ' . :

(3) Pressure gages. Each retort should be equipped with a pressure gage, which should be graduated in divisions
of 2 pounds or less.

(4} Steam controller. Each retort shall be equipped with an automatic steam controller to maintain the retort
temperature. This may be a recording-controlling instrument when combined with a recording thermometer.
A steam controller activated by the steam pressure of the sefort is acceptable if it is mechanically maintained
so that it operates satisfactorily,

{5) Bleeders. Bleeders, except those for thermometer wells, shall be one-eighth inch or larger and shall be wide
open during the eatire process, including the come-up-time. Bieeders shall be located within approximately
1 foot of the outermost location of condainers, at sach end along the top of the retort; additional bleeders
shail be located not more thau § feet apart along the top. Bleeders may be installed at positions other than
those specified above, as long as there is evidence in the form of heat distribution data that they accomplish
adequate removal of air and cireuiation of heat within the retort. In retorts having top steam inlet and bottom
venting, a bleeder shall be installed in the bottom of the retort to remove condensate, All bleeders shall be
arranged it a way that enables the operator to observe that they are functioning properly.

(6) Venting and condensate removai. The air in each retort shall be removed before processing is started. Heat
distribution data or documentary proof from the manufacturer or from a competent processing authority,
demonstrating that adequate venting is achieved, shall be kept on file. At the time steam is tumed on, the
drain should be opened for a time sufficient to remove steam condensate from the retort and provision should
be made for containing dnainage of condensate duning the refort operstion.

(D) Reiort speed timing. The sotatiopal speed of the retort shall bespeclﬁedmthcsdwdules process. Toe speed
shall be adjusted, as necessary, to ensure that the speed i3 as specified in the scheduled process. The rotational
speed as well as the process me shall be recorded for cach retort load processed. Alternatively, a recording
tachometer may be used to provide a continuous record of the speed. A means of preventing unauthorized
speed changes on retorts shall be provided. A Jock, or a notice from management posted at of near the speed-
adpnmeat device that provides a warning that only aunthorized persons are permitted to make adjustments,
is a satisfactory means of preventing uaauthorized changes.

(8) Critical factors, Critical factors specified in the scheduled process shall be measured and recorded on the
processing record at intervals of sufficient frequeacy to ensure that the factors are within the limits specified
in the scheduled process. The minimum headspace of containers in each retont load o be processed, if
specified in the scheduled process, shall be measured and recorded at intervals of sufficient frequency to
ensure that the beadspace is as specified in the scheduled process. The headspace of solder-tipped, lap seam
{vent hole) cans may be measured by net weight determinations. When the product consistency is specified
in the scheduled process, the consistency of the product shall be determined by cbjective measurements on
the product taken from the filler before processing and recorded at intervals of sufficient frequency to ensure
that the consistency is as specified in the scheduled process. Minimum closing machine vacuem in vacuum-
packed products, maximum fill-in or drained weight, minimom net weight, and percent solids shall be as
specified in the scheduled process for all products for which deviations from such specifications may affect
the scheduled process. All measurements and recordings of critical factors should be made 8t intervals not
to exceed 15 minutes.

(¢} Equipment and procedures for pressure processing in waler in discontinwous agitating retoris—

(1) indicating mercury-in-glass thermometer. Each retort shall be equipped with at least one mercury-in-glass
thermometer whose divisions are easily readable to 1°F and whose temperature eange does not exceed 17°F
per inch of graduated scale. Thermometers shall be tested for accuracy against a known accurate standard
thermometer upon instaflation and at least once a year thereafier, or more frequently if necessary, to ensure
their accuracy. Records of thermometer accuracy checks which specify date, standard use, method used, and
person performing the test should be maintained. Each thermometer should have a tag, seal, or other means
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of identity that includes the date on which it was last tested for scconacy. A thermometer that has & divided
mercury column or that cannot be adjusted to the standard shall be repaired or replaced before Farther use
of the retort. Thermometers shall be installed whese they can be accurstely snd casily read. Bulbs of indicating
thermometers shall be installed either within the retort shell or in external wells attached to the resort. The
mercury thermometer—not the recorder chart—shall be the reference instrament for indicating the processing

temperatire.

{2) Temperature-recording device. Each reiont shall have an sccursie wmperature-recording device. Geaduations
on the tempernsture-recording devices shall not exceed 2°F within 2 nge of 10°F of the processing temperatre.
Each chart shall have a working scale of not more than 55°F per inch within & range of 20°F of the processing
femperature. The temperatime chart shall be sdjusied ©0 agree a3 nearly ss possible with, but 20 be in 0
event higher than, the known accurate mercury-in-glass thermometer daring the process time. A means of
preventing unauthorized changes in adjustment shall be provided. A Jock, or & notice from managemen
pasted st or near the reconding device that provides & warning that only authorized persons are permitied 1o
make adjustooent, is a satisfactory means for preventing unasthorized changes. This recorder may be combined
with the steam controller and may be a recording-controlling instrument. The temperatare-recorder bulb shall
be installed either within the retort shell o in a well aitached o the shell. Air-opersied temperatare controllers
should have sdequate filter systems to ensure a supply of clemn dry air.

(£}) Mmmy&wmmuwmmammmmuwuﬁm
of 2 pounds or less.

(4) Steam controller. Each retort shall be equipped with an astorsatic steam controller %0 maistain the resort
tempersture. This saay be a recording-controlling instroment when combined with a recording thermometer.

(5) Retort speed timing. The roational speed of the retort shall be specified in the schedwiod process. The speed
shall be adjusted, as necessary, o easure that the spoed is as spocified i the scheduled process. The rotational
speed as well as the process time shall be recorded for each retort load processed. ARerustively, a recording
tachometer may be used to provide a continaous record of the speed. A mesns of prevesting woanthorized
speed changes shall be provided. A Jodk, or » notice from munspement posted at or near the: speed afinstment
device that provides & waming tha only sthorized persons are permitied to make adjostment, is A satisfacsory
meant of peeventing unsuthecized changes.

(6) Air supply and controls. Mesns shall be provided for istrodacing compressed air at the peoper presssre: and
mate, which shall be controfled by an sutomatic peessuce control unit. A check valve shall be provided in the
air supply line to prevent water from eotering the sysiem.

(1) Critical factors. Cotical factors specified in the scheduled process shall be measmesd and recowdied o the
processing record st indervals of sufficient frequency to ensure that the factors are within the Bmits speciled
in the scheduled process. The minimum beadspace of containers, if specified in the schedaled process, shall
be measured and recorded af imtervals of sufficieat freqoency 10 cosmre that the headwpace: is a5 specified in
ksm;xmmmdwmmwgm{mw;mmhwbm
weight d ninstions. Whes the product consistency is specified in the schedalod process, the
aumw&mwwwmmmmmamm
processing and recorded st intervals of sufficicat frequency o casure that the consisieacy is = specibied in
the scheduled process. Minimum closing machine vacoum in vacvam-packed prodects, maxisssos 68-im ov
drained weight, minimom net weight, and percent solids shall be as specified in the scheduled process for
ali prodacts whes deviations from such specifications may affect the schedaled process. All messarements
and recordings of critical factors should be made at intervals st © exceed 15 mimmes.

() Eguipmert and procedures for pressure processing in steam in kydrossaric retorss—

) hﬁmungmury-m—gmwmr Each retoet shall be equipped with af least one mercury-im-glass
thermometer whose divisions are casily readable 10 1°F and whose semperatuare range does vt exceed | T°F
pex inch of gradusted scale. Thermometey shall be tested for accuracy against a kmown scoweste standacd
thermometer upon instailation sad at least once a year thereafier, or more froquently i neossswry, 10 easwe
their accuracy. Reconds of thermometer accuracy checks which specify date, standand wsed, method weed.
and person performing the sest should be maintained. Each thermometer should have » tag. scal, or other
means of identity that inclodes the date on which it was last teswed for accuracy. A thermometer that hes »
divided mercury cobn or that cannot be adjusted w the standard shail be repaired or replaced before farther
use of the resost. Thermometers shall be instalied wheve they can be sccurately and easily read. The thermometer
shall be focated in the steam dome near the steam-water interface. When the scheduled process specifies
maintenance of particuls tempersiures in the hydrostatic water legs, a2 mercury-in-glass thermomener shall
be located in each hydrostatic water leg in a position nesr the botiom automatic recorder. The mercory
thestnometer—not the recorder chart— shall be the reference instrament for indicating the processing Wwmpers-
ture.
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(2) Temperature-recording device. Each retort shall have an accurate temperature-recording device. Grnduaﬁoﬂ
on the temperature-recording devices shall not exceed 2°F within a range of 10°F of the processing temperatu
Each chart shall have s working scale of not more than 55°F per inch within a range of 20°F of the processing
temperature. The temperature chart shall be adjusted to agree as nearly as possible with, but to be in n¢
event higher than, the known accurate mercury-in-glass thermometer during the process time. A means of
preventing unauthorized changes in adjustment shall be provided, A lock, or a potice from management
posted af of near the recording device that provides & waming that only authorized persons are permitted
make adjustments, is a satizfactory means for preventing unauthorized changes. The recorder may be combi
with the steam controiler and may be a recording-controlling instrument. The temperature-recorder bulb shalk
be installed either within the steam dome or in a well attached to the dome. Each temperature-recorder bulb
well shall bave a 1/16-inch or larger bleeder opening which emits steam continuously during the processing:
period. Additional temperature-recorder bulbs shall be installed in the hydrostatic water legs if the scheduied?
process specified mainicnance of particular temperatures in the hydrostatic water legs. Air-operated temperature L
controlers should have adeguate filter systems to ensure a supply of clean dry air,

(3) Pressure gages. Each retort should be equipped with 2 pressure gage which should be graduated in divisions §
of 2 pounds or less, i

(48) Recording of temperatures. Tempesatures indicated by the mercury-in-glass thermometer or thermometers
shall be entered on & suitable form during processing operations., Temperatures shall be recorded by an
sccurate awtomatic recorder or recorders at the following points:

{i) In the steam chamber between the steam-water interface and the lowest container position. .
(i) Near the top and the bottom of cach hydrostatic water leg if the scheduled process specifies maintenance |
of particnlar emperatores in the legs.

(5) Steam controller. Each retort shall be equipped with an automatic steam coutroller to maintain the retort |
temperature. This may be a recording-controlling instrament when combined with & recording thermometer.
A steam controlies activated by the sieam pressure of the retort is acceptabie if it is carefully mechanically
maintained so that it operates satisfactorily. ;

(6} Venting. Before the start of processing operations, the retort steam chamber or chambers shall be vented 1o
ensure removal of air. ‘

(7)) Bleeders. Bleeder openings 1/4-inch or larger shall be located at the top of the steam chamber or chambers
opposite the point of steam entry. Bleeders shall be wide open and shall emit steam continuously during the
entire process, including the come-up-time. All bleeders shall e arranged in such a way that the operator
can observe that they are functioning properly. : &

(B) Retort speed. The speed of the container-conveyor chain shall be specified in the scheduled process and shall
be determined and recorded at the start of processing and at intervals of sufficient frequency to easure that
the retort speed is maintained as specified. The speed should be determined and recorded every 4 hours. An
antomatic device should be used to stop the chain when the temperature drops below that specified i the
scheduled process. A means of preventing unanthorized speed changes shall be provided. A lock, or a notice
from management posied at or near the speed-adjusting device that provides s wamning that only authorized

are permitted to make adjustments, is a satisfactory means of preventing unsuthorized chacges.

(9} Crirical factors. Critical factors specified in the scheduled process shall be measured wnd recorded on the
processing record at intervals of sufficient frequency to ensure that the factors are within the limits specified
in the scheduled process.

(i} When maximuom fill-in or drined weight is specified in the scheduled process, it shall be measured and
recorded at intervals of sufficient frequency to ensure that the weight of the product does not exceed
the maximum for the given container size specified in the schediled process.

(i} Closing machine vacoum in vacoum-packed products shall be observed and recorded at intervals of
sufficient frequency to ensure that the vacuum is as specified in the scheduled process.

(it} Such measurements and recordings should be made 2t intervals not to exceed 15 minutes,

(g) Aseptic processing and packaging systems —

{1} Product sterilizer —

() Equipmens-—

{a) Temperature-indicating device. Each product sterilizer shall be equipped with at least one mercury-in-
glass thermmometer or an equivalent tempersature-indicating device, such s a thermocouple-recorder.
Merowry-in-giass thermometers shall have divisions that are easity readable to 1°F and whose
temperature range does not exceed 17°F per inch of graduated scale. Thermometers and tomperature-
indicating devices shall be tested for accuracy against a known accurate standard thermometer npon
instaliation and af least once a year thereafier, or more frequently if necessary, o ensure their
accuracy. Records of accuracy checks which specify date, standard used, method used, and person
performing the test should be maintained. Each thermometer and temperature-indicating device
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(i)

should have # tag, 5¢4), or other means of identity that includes the daae on which it was last yesed
for accuracy. A thermometer that has a divided mercury column or that casnot be adjussed to
essential agreement with the standard shall be repaired or replaced. Thermomesers and tempessture-
indicating devices shall be installed where they can be accurately and exxity read. The senperatore-
indicating device shall be the reference instrument for indicating the processing emperstre,

() Temperature-recording device. There shall be an sccursie tegnpersture recording device on exch
product stexifizer. The device shall be installed in the product at the holding-tobe outhet between
the bolding tube and the inlet o the cooler. T devices shall bave gradestions
that do not exceed 2°F within a range of 10°F of the processing semperatare. Each chast shall have
& working scale of not more than 55°F per inch within & range of 20°F of the desived prodact-
stexilization temperstare. The emperamre chart shall be adjosied w agree as scarly as poasible with,
but to be in no event higher than, 2 known accurste menwury-in-giess thenmometer. A means of
preventing unasuthorized changes in adjustment shall be provided. A lock, or & notice from manage-
ment postad at or near the recording device that provides a warning that only acthorized persoas
are permitied to make adjustments, is a satisfactory mesns for preventing wasthodzed chenges.

() Temperature recorder-controller. An sccunate tesnpersture recorder-controlice shall be Jocased in
the product sierilizer at the final beater outlet. It shall be capabie of ensring that the desired product
sterilization temperatore is maintsined. The chart gradustions shail not exceed 2°F within a range
of HF of the desired product sterilization temperature. Air-opersed temperstore controliers sionld
have adecuate filter systemns to ensmre 3 sapply of clean, dry sir.

() Product-to-prodwct regenerators. When a product-to-product regeaerstor 3 ssed 10 hest the cold
unsterilized product entering the stexilizer by means of 2 heat exchunge system, it shall be desigwed,
opersted, and controfled 30 that the pressure of the sterilized product in the regenerstor is greser
than the pressure of suy unsterilized product in the regenerstor to cxsore that sey Jeakape in the
regencrator is from the steritized product into the unsterilized prodect.

(¢) Differential presyxre vecorder-controiler. When 3 product-to-prodoct regewerstor i weed, there shall
be an accurste differential pressure recorder-controller instalied on the regencrsior. The scale divisions
shall not exceed 2 pounds per square inch on the working stale of aot more thas 20 possads per
square inch per inch. The controller shall be tested for accuracy againgt « knows sccoraie standeed
pressure indicator upon installation and st least once every 3 months of operstion thesesfier, or more
froquently if necessary, to ensore its scouracy. One pressare seasor shall be imstaliod st the: sweyilized
product regenerator outiet and the other pressure sensor shall be installed af the ensserilived prodect
regenessior inket.

(0 Metering pump. A mewsing pamp shall be jocated upstream from the holding tube and shall be
opersted t maintsin the required rate of product flow. A mesns of preventing wsssthorized speod
changes shall be provided. A Jock, or & sotice from mansgement posted st or sear Ghe: spoad-adijnsting
device that provides a warning that only suthorized persons sre pormitaod 10 make adjustments., is
& satisfactory means of prevesting vrauthorized changes.

() Product holding tebe. The product-swerilizing hobding tebe shall be designed w give contionows
holding of every papticie of food for at least the mininwm holding time specified in the schoduled
process. The holding tobe shiall be designed 5o that 20 portion of the tbe between the prodhecy et
and the product catlet can be heated, and it mast be sloped upwaed &t Jeast 0.25 inch per foot.

(k) Flow-diversion systemz. i & processor clects & install a flow-diversios system, it should be instaliod
in the prodact piping Jocated between the product cooler and the produc filler or aseptic surge tank
and should be designed w divert flow awny from the filler or sseplic swge tank satomatically.
Controls andfor warning systemas should be designed and instalied with accesswy semsors amd
actaalors 10 operate whenever the stevilizing wemperature iu the holding tobe or presseee differential
mumwmmmmmmmmuw
and operated in sccosdance with recommendations of sn aseptic processing snd packaging wathority.

() Eguipment downstreaw from the holding tube. Product coolers, aseptic sarpe mks, or any other
equipment dowastresm from the holding tobe, with rotating or reciprocating shafts, valve stems,
instrument cosmections, of other such points, At subject o potcatial ewtry of microorganiseas i
mmsumnsuummmwmmwwmm
barricrs at the potential access points. Appropriste means should be provided % permit the operstor
10 monitor the performance of the seals or barriers during operations.

Operation —

{a) Startup. Before the start of aseptic pwocessing operations the product swerilizer and all product-
contact surfaces downstream shall be brought to a condition of commercial sterility.
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(B) Temperature drop in product-sterilizing holding tube. When product temperature in the holdin,
tube drops below the temperaturs specified in the scheduled procsss, product flow wouldbedi:;smoﬁ
away from the filler or aseptic surge tank by means of a flow-diversion system. If for any
product subjected to a temperature drop below the scheduled process is filled into containers, the
product shall be segregated from product that received the scheduled process. The pmcessmg
deviation shatl be handled in accordance with § 113.89. The product holding tube and any further
system portions affected shall be returned to » condition of commercial sterility before product flow
wmsmnedmmeﬁnermmﬁwasemsurgemuk

{c)} Loss of proper pressures in the regenerator. When & regenerator is used, the product may losa
sterility whenever the pressure of sterilized product in the regenerator is less than 1 pound per square™
inch greater than the pressure of unsterilized product in the regenerator. In this case, product flow
shouid be diverted away from the filier or aseptic surge tank by means of the flow-diversion system.
If for any reason the product is filled into containers, the product shall be segregsted from product |
that received the scheduled process and shall be reprocessed or destroyed. Product flow to the filler
or to the aseptic surge tank shall not be resumed vntil the cause of the improper pressure relationships .
in the regenerator has been corrected and the affected system(s) has been retumed to a condlition i
of commercial sterility. 3

{d) Loss of sterile air pressure or other protection level in the aseptic surge tank. When an aseptic
surge tank is used, conditions of commervial sterility may be lost when the sterile air overpressure -
or other means of protection drops below the scheduled process value. Product flow to and/or from
the aseptic surge tank shall not be resumed until the potentially contaminated product in the tank |
is removed, and the aseptic surge tank has been returned to a condition of commercial sterility.

{£) Records. Readings at the following points shall be observed and recorded at the start of aseptic |
packaging operations and at intervals of sufficieat frequency to cosure that these values are as
specified in the scheduled process: Temperature-indicating device in holding tube outlet; temperature
recorder in holding tmbe cutlei; temperature recorder-controlier at fina! heater ouflet; differential
pressure recorder-controller, if a product-to-product regenerator is used; product flow rate as estab-
lished by the metering pump or as determined by filling and closing rates and, if an aseptic surge
tank is used, sterile air pressure or other protection means; and proper performance of seam seals
or other similar devices. The measurements and recordings should be made at intervals not to exceed
1 hour,

{2y Coraainer sterilizing, filling, and closing operation —

(i} Equipment —

(a) Recording device. The container and closure sterilization system and product filling and closing
system shall be instrumented to demonstrate that the required sterilization is being accomplished
continuously. Automatic recording devices shall be used to record, when applicable, the sterilization
media flow rates, temperature, copcentration, or other factors. When a batch system is used for
container sterilization, the sterilization conditions shaill be recorded,

{b) Timirng method{s). A method(s) shall be used zither to give the retention time of containers, and
closures if applicable, in the sterilizing environment specified in the scheduled process, or to controd
the sterilization cycle at the rate specified in the scheduled process. A means of preventing bnaatho-
rized speed changes must be provided. A lock, or 2 notice from management posted at or near the
speed adjusting device that provides a warning that only authorized persons are permitted to make
adjustments, is a satisfactory means of preventing unauthorized changes.

(ii) Operation —

(a) Startup. Before the start of packaging operations, both the container and closure sterilizing system
and the product filling and closing system shafl be brought to a condition of commercial steritity.

(b) Loss of sterility. A system shall be provided to stop packaging operations, or alternatively to ensure
segregation of any product packaged when the packaging conditions fall below scheduled processes.
Compliance with this requirement may be accomplished by diverting product away From the filler,
by préventing containers from entering the filler, or by other suitable means. In the event product
is packaged under conditions below those specified in the scheduled process, all such product shall
be segregated and handled in accordance with § 113.89. In the event of loss of sterility, the system(s)
shall be returned to a condition of commercial sterility before resuming packaging operations.

{c} Records. Observations and measurements of operating conditions shall be made and recorded at
intervals of sufficient frequency to ensure that commercial sterility of the food product is being
achieved; such ‘measurements shall include the sterilization media flow rates, temperatures, the
container and closure rates (if applicable) through the sterilizing system, and the sterilization condi-
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be made st imtervals not o exceed 1 bour.
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tach code; records of the test results should be maintainest.

(4) Critical factors. Critical factors specified in the scheduled process shalf be measured and recorded om the
processing record at intervals of sufficient frequency to ensure that the factors are within the Emnits specified
;@MaWMWmmmuMannm
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(h) Eguipment and procedures for flame sterilizers. The container corveyor speed shall h;qncﬁedm&w
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process. The container conveyor speed shall be measared sod recorded at the start of operstions and o intervals
of sufficient frequency to ensure that the conveyor speed is as specified in the scheduled process. Sech messarements
and recondings should be dooe at 1-hour intervals. Alernatively, recording tachometer may be wsed ko provide a
continmous record of the speed. A mesas of preventing changes i flame intensity and usastharized speed chaages
on the conveyor shall be provided. A Jock, or a notice from management posted a2 or vear the speed adinsting
device that provides a warning that ouly authorized persons are permitied to mske adjustinesss, is 2 satisfactory
means of preveating unanthorized changes. The surface tempersture of st least one contsiner from esch cosveyor
chamel shall be measurcd and recorded at the entry and at the end of the holding period at fatevvals of sufficient
frequency 1o cnsure that the emperatures specified in the scheduled process sre maintsioed. Such meacuements
sad recordings should be done at intervals not o exceed 15 minutes.

{1} Process interrvption. In the event of proocss interruption wheeein the semperatare of the prodect ey bave
dropped, an suthorized, scheduled emergency plan spproved by a qualified person baving expest knowledpe
of the process requirernents may be used.

(2) Crirical factors. Ceitical factons specified in the scheduled process shall be measared and tocarded on the
precessing record at intervals of sufficient frequency to essure that the factons are within the tixoits specified
in the scheduled process.

&WMW&MWJMM critical factors swch as waser sctivity are
wsed in conjunction with thermal processing. The methods xad coatrols used for the sumsfactare, processing, and
packing of such foods shall be a5 established in the schedoled process and shall be opersted or admisistered in »
omsncy adequase to eosure that the product is safe. The time and terapersture of processing smd other crivical
factors specified in the scheduled process shall be measared with instements having the accamacy and depesdobility
adequate (0 ensare: that the requirements of the scheduled process are met. All measurcancats shell be made: and
recordded at indervals of mufficient frequency 1o cnsore that the critical facices are within the timits specified is the
scheduled process.

Other systems. All sysieys, whethey or sot specifically mestioned in this pat, for the thermaal processing: of Jow-
acid foods in benneticaily sesled contsiners shall conform to the applicable requirements of ihis past and the
methods and controls wsed for the manufacture, processing, and packing of these foods simit be as cstablished in
the schednled process. These systems shall be opersied or adminisiered in 2 maneer adeguate w0 comare that
commercial sterility is achieved. Critical factors specified in the schodaled process shall be messwred sad cecorded
ot istervals of safficient frequency o ensure that the critical factors are within fhe lienits specified is the sched-
ukeed process.

Subpart D—Control of Components, Food Product Containers,
Closures, and in-Process Materials

§ 113.50 Containers.
{(a) Clonores, Regolar observations shall be oaintained daring production

¥ jon rens for gross closare deflects. Any sech
defects shall be recorded and comvective action taken and recordied. At intervals of sefficient frequency © cnsare
proper diosre, the operator, closiwe supervisor, o other qualified contsiver closawe inspection persos shall visaally
exxmine either the top seam of a can ranclomly selected from each seaming head or the closwee of amy other type
of coatyiner being used and shall record the observations made. For double-seasa cans, cach can should be examined
for cutover o sharpaess, skidding or deadheading, false seam, droop st the crossover or lap, and condition of
inside of countersink wall for evidence of broken chuck. Such measurements and rocordings should be made »
imervals oot ©© exceed 30 minutes. Additional visusl closare inspections shall be made omediately following &
jam in a closing machine, after closing machine adjostment, or afier startup of 2 machine following 2 prolonged
shatdown, All pextinest observations shall be recorded. When irregularities are found, the oornective action shall
be recorded.
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(1} Teardown examinations for double-seam cans shall be performed by a qualified individual and ihe res
therefrom shall be reconded at intervals of sufficient frequency on enough containers from each seam
station to ensure maintensnce of seam integrity. Such examinations and recordings should be made at inter
not to exceed 4 hours. The results of the teardown examinations shall be recorded and the corrective act
taken, if any, shall be nated,

(i} Required and optional tin seam measurements:
{¢} Micrometer measurement system:

Required ~ Optional
Cover hook Ovarlap [by calculation)
Body hook Countersink
Width {length, height)
Tightness {observation for wrinkle)
Thickness

(b} Seam scope or projector:

Recuired Optional
Body hook Width (length, height)
Overlap Cover hook
Tightness (obsarvation for wrinkie) Countersink
Thickness by micrometer

{¢) Can double sears terminology:

—§11]

(5 *“Crossover™: The portion of a double seam at the lap.
(2) "“Cutover™: A fracture, sharp bend, or break in the metal at the top of the inside portion of the
double seam.
3} “"Deadhead’’: A seam which is incomplete due to chuck spinning in the countersink.
{#) **Droop””: Smooth projection of double szam below bottom of normal seam.
(5) *‘False seam™: A small seam breakdown where the cover hook and the body hook are not over-
Tapped. -
{(6) “‘Lap’’: Two thicknesses of material bonded together.
¢ii) Two measurements at different locations, excliuding the side seam, shall be made for each double seam
characteristic if a seam scope or seam profector is used. When a micrometer is used, three measursmﬁms
shall be made at points approximately 120° apar, excluding the side seam. )
L,
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(i) Overlap length can be cakulated by the following formula:
The theoeetical overtap length =
CH +BH+ T-W, where
CH»cover hook
BH = body hook
T=vover thickness, and
W= gomn width (beight, iongth)

(2) For glass containers with vacuwn closures, capper cfficiency mmst be checked by a measurement of the cold
water vacuum. This shall be done before actual filling operstions, and the results shall be recorded.

{3) For closures other than double seams and glass coatainers, appropriaie detsiled inspections and tests shall
be conducted by qualified persoane] at intervals of sufficient froquency W ensve proper closing machine
performance and consistently reliable hermetic seal production. Records of sach sests shall be maistained.

Cooling water. Covtainer cooling waser shall be chiorinated or otherwise sasitized as necessary for cooling casals

and for recircalated water supplies. There should be a measurable residual of the sanitizer caployed at the waer
discharge point of the container cooler.

Coding. Each hexmetically sealed costainer of low-acid processed food shall be marked with an identifying code
that shail be permanently visible to the paked eye. When the container does not permil the: code 3 be ambossed
o inked, the label may be legibly perforated or otherwise marked, if the labed is securely affixed o the prodoct
contziner. The required identification shall idemtify in code the establishment whese: packed, the prodect comtaised
therein, the year packed, the day packed, and the period during which packed. The packing period code shall be
changed with sufficient frequency to casbie ready identification of lots dering Wi sale and distibotion. Codes
may be changed on the basis of one of the following: intervals of 4 10 5 hours; personnel shift changes; or baxches,
as long as the containers that constitute the baich do not extesxd over £ period of more than oot personmel shift.
Postprocess hawdling. When cans are handied on belt conveyors, the conveyors shoold be 20 constrocied as o
minimize contact by the belt with the dowble scam, i.e.. cans should not be rolied om the double seam. ARl wors
and frayed belting, can retasders, cushions, ew. should be repisced with sew ponporous msterial. All oacks sad
belts that come into contact with the can seams should be thoroughly scrubbed and sanitized =t iptereals of
sufficient frequency to avoid product contsmination. Astomatic equipment wsed in handhing filled contaimers showld
hemdmmwopmdsmmummm«m“mnumw

Subpart E—Production and Process Controls

§ 113.81 Product preparation.

(a)

)

&)
(3]

=)

)

that those materials and ingredients are suitable for use in processing Sow-acid food Complisace with shis
requirement may be accomplished by receiving the raw materials and ingredicats uades a supplicr”™s guacawies
that they are suitable for use, by examining thesn fox their microbiological condition, or by other acceptable mesns.
Blanching by heat, when required in the preparation of food for cansing, should be effected by heating the Sood
0 the required temperature, holding it ot this temperatare for the required time, and thes cither rapidly cooling
the food or passing it to subsequent processing without deizy. Thermophilic growth and contemioation i blsachers
shoukd be minimized by the nse of adequate opersting sesnperatures and by clesning. 1f the blanched food prodect
is waghed before filling, potable water should be ssed.

The filling of containers, cither mechanically or by hand, shall be controlled 30 85 10 cxsre that the §lling
recuirements specified in the scheduled process ae met.

The exhageting of containers for the remaval of air shall be controlled 30 25 0 meet tw conditions for which the
process was designed. Complisace with the requircment may be sccomplished by heat exhamsting, wechamical
exhausting. bot brirgng, or steam injection

When the maiotenance of pH {sbove 4.6} of & normally low-acid food is & basis for a scheduled process, there
shall be careful supervision to ensure that the equilibrium pH of the finished product meets that of the schedwicd
process. The methodology described in § 114.90 of this chapter should be ased.

When the scheduled process sets forth critical factors to prevent the growth of microorganisms not destroyed by
the thermal process, the factors shall be carcfully controlied 1o ensure that the limits established in the scheduled
process are not exceeded. When normally low-acid foods require safficient solule 10 permit safe processing st low
emperstures, soch as in boiling water, there shall be careful supervision to ensure that the equilibriam water
activity (a,) of the finithed product meets that of the scheduled process. The scheduled theymal processes for
foods having an a, greater than 0.85 and less than the a, that would allow the growth of spores of microorgsaims
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of public health significance shall be sufficient to render the food free of microorganisms capable of reproducin
in the food under normal nonrefrigerated conditions of storage and distribution.

§ 113.83 Establishing scheduled processes.

Scheduled processes for low-acid foods shall be established by qualified persons having expert knowledge of therms
processing requirements for low-acid foods in hermetically sealed contsiners and having adeguate facilities for makin,
such determinations. The type, range, and combination of variations encountered in commercial production shall b
adequately provided for in establishing the scheduled process. Critical factors, e.g., minimum headspace, consistency
maximum fill-in or dmined weight, a,, etc., that may affect the scheduled process, shalt be specified in the scheduie
process, Acceptable scientific methods of establishing heat sterilization processes shall include, when necessary, but
shall not be limited to, microbial thermal death time data, process calculations based on product heat penetration data,
and inoculated packs. Calculation shall be performed according to procedures recognized by competent processing
authorities. If incubation tests are necessary for process confirmation, they shall inchude containers from test trigls and
from actual commercial production runs during the period of instituting the process. The incubation tests for confirmation
of the scheduled processes should include the containers from the test trials and a number of containers from each of
four or more actual commercial production runs, The number of containers from actual commercial production runs
should be determined on the basis of recognized scientific methods to be of a size sufficient to ensure the adequacy
of the process. Complete records covering all aspects of the establishment of the process and associated incubation
tests shall be prepared and shall be permanently retained by the person or organization making the determination.

§ 113.87 Operations in the thermat processing room.

{a) Opezating processes and retort venting procedures to be used for each product and container size being packed
shalt either be posted in a conspicucus place near the processing equipment or be made readily available to the
retort of processing system operalor and any duly authorized employee of the Food and Drug Administration.

processes must be made readily available to the supervisor and any duly authorized employee of the
Food apd Deug Administration.

{b) A system for product traffic control in the retort room shall be established to prevent unretorted product from
bypassing the retort process. Each retort basket, truck, car, or crate used to hold containers in a retort, or one or
more containers therein, shall, if it contains any retorted food product, be plainly and conspicuousiy marked with
a heat-sensitive indicator, or by other effective means that will indicate visually, to thermal processing personnel,
those units that have been retorted. A visual check shall be performed to determine whether or not the appropriate
change has occwrred in the heat-sensitive indicator as a result of retorting for all retort baskets, trucks, cars, or
crates, 1o ensure that each unit of product has been reforted. A written recond of these checks should be made.

(c) The initiai temperature of the contents of the containers to be processed shall be determined and recorded with
sufficient frequency to ensure that the temperature of the product is no Jower than the minimum initial temperature
specified in the scheduled process. For those operations that use water during the filling of the retort or during
processing, provision shall be made to ensure that the water will not, before the start of each thermal process,
lower the initial empersture of the product below that specified in the scheduled prooess.

(&) Timing devices used in recording thermal process time information shall be accurate o the extent needed to ensure
that the processing time aad veating time specified in the scheduled process are achieved. Pocket or wrist waiches
are not considered satisfactory for timing purposes. Digital clocks may be used if the operating process and the
venting schedule have a I-minuie or greater safety factor over the scheduled process,

{e) Clock times on reconding-temperature charts should reasonably correspond to the time of day on the written
processing records to provide comrelation of these records.

() The steam supply to the thermal processing system shall be adequate to the extent needed fo ensure that sufficient
steam pressure is maintained during thermal processing, regardless of other demands of steam by the plant.

(2) If mufllers are used on bleeders or vent systems, evidence that the bleeders or vents are operated in & manner that
does not significantly impede the removal of air shall be kept on file. This evidence may be in the form of heat
distribution data or Other satisfactory evidence such as a letter from the manufacturer, the designer, or a competeat

processing authority.

§ 113.89 Deviations in processing, venting, or control of critical factors.

Whenever any process is less thap the scheduled process or when critical factors are out of control for any low-acid
food or container system as disclosed from records by processor check or otherwise, the commercial processor of that

low-acid food shall either fully reprocess that postion of the production involved. keeping full records of the reprocessing
conditions or, altematively, must set aside that portion of the product involved for further evaluation as to any potential
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with procedures recognized by competent processing authorities as being adequate to detect any powential hazaed 10
public health, Unless this evaluation demonstrates that the product bad been given a thennal process that rendered it
free of microorganisms of potential public bealth significance, the product set aside shall be cither fally reprocessed
to render it commercially sterile or destroyed. A record shall be made of the evaluatioa procedures wsed and the resulrs.
Either upon completion of fall reprocessing and the attainment of commercial sietility or afier the delermination that
no significant potential for public health hazard exists, that portion of the product involved may be shipped in normal
distribution. Otherwise, the portion of the product involved shall be destroyed. All process devistions involving & failere
to satisfy the minimum requirements of the scheduled process, inchauding emergencies arising from & jam or breakdowa
of a continvous agitating retort necessitating cooling the retort for repairs, shall be recorded and made the subject of
a scpanate file (or a log identifying the appropriaie dats) detailing those deviations and the actions taken

Subpart F—Records and Reports

§ 113.100 Processing and production records.

{a) Provessing and production information shall be entered 5 the time it is observed by the retort or processing syswes
openator, or other designated person, on forms that include the peoduct, the code sumber, the date, the refort or
processing system aumber, the size of container, the approximete nsber of contsiners per coding inerval, the
inkial semperature, the actual processing time, the raercary-in-giass sad recording thermometer readings, and other
appropsiate processing data. Closing machine vacuum in vacuum-packed prodocts, maxitmons Gfl-is or drsioed
weight, or other critical factors specified in the scheduled process shall also be reconded. In addition, the following
reoowds shatl be maistained:

(1) Sl retorts. Tane steamn on; ime Sempershare up to processing iemperature; time steam off; veating tane
and tesuperature to which wenbed.

(2} Agitating retorts. Pouctioing of condensate blecder; retort speed; and, when specifind in e scheduled

(3} Hydroxtatic retorts. The \exspersture in the steam chamber between the sieans-water intexface snd the lowest
pance of particulas texnperstuees in the hydrmstatic waler legs, the ternperstures ser the op aad e botiows
of each hydrostatic water leg.

(4}Ammmgwpndagiugm l’mﬂmwhﬁahﬁuﬁgﬂammt’

system iy used for container and/or closare stexifization, sterilization cycle tisnes aod tevaperatures.

{5) Flame sterilizers. Containex copveyar speed; soaface wemperstyre at the beginniag snd of e end of the
bolding perind; natare of contuiner.

{6) Food preservation methods wherein critical foctors such as water activity are used im conjumction wish
thermal processing. Product formolation aad scheduled prooesses used, including the thermal process, is
aspocisted critical factors, a3 well as other critical factors, and results of &, detenminations.

€7) Other systems. Critical factors specified in the formelation of the product or is the schedulod process.

{b) Reconding thermometer charts shail be identified by date, mtort onmber, and other dats as ascessary, 30 ey can
be correlated with the written record of jots processed. Each eatry on the processing and production seconds shall
be made by the retort or processing sysiem operator, or other desigmated person, st the tine the specific rexst or
processing systera condition or operation ocours, and this retort or processing system operstor of other designased
person shall sign of msitial each record form. Not lster that 1 working day sfer the actmal process, sad before
shipment or release for distribution, & representative of plant management who is qualified by suitable traiming or
cxperience shall review all processing sad production records for completeness and to ensore that the product
recrived the scheduled process. The records, including the recording thermoeneter chan(s), shall be signed or
initialed xnd dated by the reviewer.

{c) Writien records of all contsiver closure examinations shall specify the prodect code, the dute and time of contaimer
closare inspections, the measurements obexined, and all cosrective sctions taken. Records shall be signed or initialed
by the comainer closure inspector and reviewed by masagement with sufficient frequency 10 ensure that the
containers are hermetically sealed.
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(e)

Records shall be maintained to identify the initial distribution of the finished product to facilitate, when necessary,
the segregation of specific food lots that may have become contaminated or otherwise rendered unfit for their
intended use.

Copies of all records provided for in this part, except those required under § 113.83 establishing scheduled
processes, shall be retained at the processing plant for a period of not less than 1 year from the date of manufacture,
and at the processing plant or other reasonably accessible location for an additional 2 years. If, during the first
year of the 3-year record-retention period, the processing plant is closed for a prolonged period between seasonal
packs, the records may be transferred {0 some other reasonably accessible location at the end of the seasonal pack,



