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HAZARDS AND CONTROLS

C u r e d ,  F e r m e n t e d ,  &  D r i e d  M e a t s



P R E FA C E



8-201.14
Contents of a HACCP Plan

8-201.13
When a HACCP plan is required

3-502.11
Special Processes



Specialized 

Processing 

Methods



Create an “educated” 

HACCP team.  Document 

General Information.

Describe the Special Process 

food product (category) and 

consumer

List ingredients, packaging, 

and “special” equipment

Create/verify a flow diagram

Consult Regulatory Agency
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HACCP Preliminaries
5 Steps to get started



FLOW CHART
Example process

Receiving

Sale or 
Service

Sale
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7 STEPS (Principles)
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Food Safety System

Hazard Analysis

Controls

+ Time doesn’t permit covering this part of HACCP



Sporeformers
intoxication & toxico-infection

Vegetative
toxin formers

Vegetative
no toxin, no spores, acid resistant?

toxins need cells

E. coli O157



MOISTURE

FOOD

OXYGEN

Bacterial inhibitors

Competitive cultures



Intact Meat

Bresaola
Loma
Basturma
Coppa
Ham
Pancetta
Pastrami

Summer sausage
Salami
Pepperoni
Cervelat 
Mettwurst
Thuringer
Many, many more

RTC and RTE

RTE

SAUSAGE



USDA CURE LIMITS
Guidance for culinary usage of cure mix No. 1 in meat or poultry

Cure Mix No. 1. 6.25% nitrite in 93.75% NaCl

for 100 lbs meat or poultry

Immersion 

(+12 gal water)
Comminuted Dry Rub

Bacon Immersion 

(+12 gal water)
Bacon Dry Rub

1USDA Nitrite ppm 

critical limit-1 ≤ 200 ≤ 156 ≤ 625 ≤ 120 ≤ 200

1The nitrite critical limit comes from USDA 9 CFR 424.  The USDA recommends

adding this exact amount, no more and no less (personal communication). Most 

commercial cure mixes specify in ounces how much to add to meat.



BARRIERS
PATHOGENS vs SPOILAGE

ELIMINATION

HURDLES

HAZARDS

THE FOOD SAFETY CONTROL METER

Clostridium botulinum
Clostridium perfringens

CURING



Growth < 3.9 3.9 - 4.2 4.2 - 4.6 4.6 - 5 5 - 5.4 > 5.4

< 0.88

0.88 – 0.90 SA SA

> 0.90 – 0.92 SA SA SA, LM

> 0.92 – 0.94 LM, SAL
BC, SA, CB, 

LM, SAL
BC, SA, CB, 

LM, SAL
BC, SA, CB, 

LM, SAL

> 0.94-0.96
LM, SAL, EC, 

SA
SA, CB, LM, 
SAL, EC, BC

SA, CB, LM, 
SAL, EC, BC

SA, CB, LM, 
SAL, EC, VP, 

BC, Cp

> 0.96 SAL
LM, EC, SAL, 

SA

SA, CB, LM, 
SAL, EC, VP, 

BC, 

SA, CB, LM, 
SAL, EC, VP, 

BC, 

SA, CB, LM, 
SAL, EC, VP, 

BC, Cp

X X X

X X X

X X X

X

J Food Prot. Vol 73, No.1. page 144.

Residual nitrite



DEGREE HOURS
During fermentation of sausages, it is necessary to limit 

the time during which the sausage is exposed to temperatures 
exceeding 60°F (15.6°C), until a pH ≤ 5.3 is reached.

Time > 60F (h) Maximum temp.

< 1200 < 90F

< 1000 90-100F

< 900 > 100F

Recommended to start with meat at pH ≤ 5.8



BARRIERS
PATHOGENS vs SPOILAGE

ELIMINATION

HURDLES

HAZARDS

THE FOOD SAFETY CONTROL METER

Staphylococcus aureus

DEGREE HOURS
pH ≤  5 .3



Degree Hours pH ≤ 5.3 safe (USDA performance std)

Growth < 3.9 3.9 - 4.2 4.2 - 4.6 4.6 - 5 5 - 5.4 > 5.4

< 0.88

0.88 – 0.90 SA SA

> 0.90 – 0.92 SA SA SA, LM

> 0.92 – 0.94 LM, SAL
BC, SA, CB, 

LM, SAL
BC, SA, CB, 

LM, SAL
BC, SA, CB, 

LM, SAL

> 0.94-0.96
LM, SAL, EC, 

SA
SA, CB, LM, 
SAL, EC, BC

SA, CB, LM, 
SAL, EC, BC

SA, CB, LM, 
SAL, EC, VP, 

BC, Cp

> 0.96 SAL
LM, EC, SAL, 

SA

SA, CB, LM, 
SAL, EC, VP, 

BC, 

SA, CB, LM, 
SAL, EC, VP, 

BC, 

SA, CB, LM, 
SAL, EC, VP, 

BC, Cp

X X X

X X X

X X X

X

X X

X

X X

X
X

X

X



Degree Hours pH ≤ 5.3 safe + vacuum packaged

Growth < 3.9 3.9 - 4.2 4.2 - 4.6 4.6 - 5 5 - 5.4 > 5.4

< 0.88

0.88 – 0.90
SA cannot 

grow
SA

> 0.90 – 0.92 SA SA SA, LM

> 0.92 – 0.94 LM, SAL
BC, SA, CB, 

LM, SAL
BC, SA, CB, 

LM, SAL
BC, SA, CB, 

LM, SAL

> 0.94-0.96
LM, SAL, EC, 

SA
SA, CB, LM, 
SAL, EC, BC

SA, CB, LM, 
SAL, EC, BC

SA, CB, LM, 
SAL, EC, VP, 

BC, Cp

> 0.96 SAL
LM, EC, SAL, 

SA

SA, CB, LM, 
SAL, EC, VP, 

BC, 

SA, CB, LM, 
SAL, EC, VP, 

BC, 

SA, CB, LM, 
SAL, EC, VP, 

BC, Cp

X X X

X X X

X X X

X

X X

X X

X
X

X

X



FERMENTATION

ACIDIC

• pH ↓

• Organic acids 
↑

NEUTRAL

• pH doesn’t 
drop

• Bioprotective 
(antimicrobial)

MOLD

• flavor

• Surface 
protection



BARRIERS
PATHOGENS vs SPOILAGE

ELIMINATION

HURDLES

HAZARDS

THE FOOD SAFETY CONTROL METER

All vegetatives and Bc

FERMENTATION
Compet i t ive  Culture  (B ioprotect ive)



FERMENTATION ambient              refrigerate

Growth < 3.9 3.9 - 4.2 4.2 - 4.6 4.6 - 5 5 - 5.4 > 5.4

< 0.88

0.88 – 0.90 SA SA

> 0.90 – 0.92 SA SA SA, LM

> 0.92 – 0.94 LM, SAL
BC, SA, CB, 

LM, SAL
BC, SA, CB, 

LM, SAL
BC, SA, CB, 

LM, SAL

> 0.94-0.96
LM, SAL, EC, 

SA
SA, CB, LM, 
SAL, EC, BC

SA, CB, LM, 
SAL, EC, BC

SA, CB, LM, 
SAL, EC, VP, 

BC, Cp

> 0.96 SAL
LM, EC, SAL, 

SA

SA, CB, LM, 
SAL, EC, VP, 

BC, 

SA, CB, LM, 
SAL, EC, VP, 

BC, 

SA, CB, LM, 
SAL, EC, VP, 

BC, Cp

X X X

X X X

X X X

X

X X

X

X X

X
X

X

X
X



SMOKE

Cold

•flavor ↑

Hot

•flavor ↑

•Vegetative pathogens 
↓



BARRIERS
PATHOGENS vs SPOILAGE

ELIMINATION

HURDLES

HAZARDS

THE FOOD SAFETY CONTROL METER

All vegetatives

Hot smoked
@ Food code cooking temps



HOT SMOKE & Packaged

Growth < 3.9 3.9 - 4.2 4.2 - 4.6 4.6 - 5 5 - 5.4 > 5.4

< 0.88

0.88 – 0.90

> 0.90 – 0.92

> 0.92 – 0.94
BC, SA, CB, 

LM, SAL
BC, SA, CB, 

LM, SAL
BC, SA, CB, 

LM, SAL

> 0.94-0.96
SA, CB, LM, 
SAL, EC, BC

SA, CB, LM, 
SAL, EC, BC

SA, CB, LM, 
SAL, EC, VP, 

BC, Cp

> 0.96
SA, CB, LM, 
SAL, EC, VP, 

BC, 

SA, CB, LM, 
SAL, EC, VP, 

BC, 

SA, CB, LM, 
SAL, EC, VP, 

BC, Cp

X X X

X X X

X X X

X

X

XX
X X

X
X

X

X
X

X X

XX
X

XX
X X

X
X X

X X X

X
X

X
X
X X

X
X

X X
X X X

Shelf stable



DRY

Very Dry 
Whole muscle

•usually ≤ 0.88 
Aw

Dry Sausage

•0.88-0.92 Aw

•0.92-0.94 Aw

Semi Dry 
Sausage

•0.94 -0.96 
Aw



BARRIERS
PATHOGENS vs SPOILAGE

ELIMINATION

HURDLES

HAZARDS

THE FOOD SAFETY CONTROL METER

All vegetatives and Bc

DRY (Aw ↓)
not hot smoked



DRY (Aw ↓)                   ambient              refrigerate

Growth < 3.9 3.9 - 4.2 4.2 - 4.6 4.6 - 5 5 - 5.4 > 5.4

< 0.88 whole muscle dried meats e.g. hams e.g. loma

0.88 – 0.90 SA SA

> 0.90 – 0.92 SA SA SA, LM

> 0.92 – 0.94 LM, SAL
BC, SA, CB, 

LM, SAL
BC, SA, CB, 

LM, SAL
BC, SA, CB, 

LM, SAL

> 0.94-0.96
LM, SAL, EC, 

SA
SA, CB, LM, 
SAL, EC, BC

SA, CB, LM, 
SAL, EC, BC

SA, CB, LM, 
SAL, EC, VP, 

BC, Cp

> 0.96 SAL
LM, EC, SAL, 

SA

SA, CB, LM, 
SAL, EC, VP, 

BC, 

SA, CB, LM, 
SAL, EC, VP, 

BC, 

SA, CB, LM, 
SAL, EC, VP, 

BC, Cp

X X X

X X X

X X X

X

X X

X

X X

X
X

X

X
X

dry

semi - dry

5.3

5.0

not hot smoked



Aw



e.g. Validations
• Process authority letter
• Approvals from other jurisdictions (chains)
• Safe harbor performance standards (e.g. USDA FSIS)
• Letters of Guarantee (food grade status?)
• Equipment manuals?


