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 1 

Identification of Petitioned Substance 2 

3 

Chemical Names: 4 

Monosodium citrate, disodium citrate, trisodium 5 
citrate, sodium citrate 6 

Other Name: 7 

Sodium dihydrogen citrate, disodium hydrogen 8 
citrate, Trisodium 2-hydroxypropane-1,2,3-9 
tricarboxylate 10 

Trade Names: 11 

Citrosodina, Natrocitral, Citnatin, Orange Eno 12 

CAS Numbers:  

18996-35-5;  
144-33-2; 
68-04-2; 

6132-04-3; 6858-44-2 

Other Codes: 

Pubchem ID: 6224; InChI Key: 
HRXKRNGNAMMEHJ-UHFFFAOYSA-K 
InChI: InChI=1S/C6H8O7.3Na/c7-3(8)1-
6(13,5(11)12)2-4(9)10;;;/h13H,1-
2H2,(H,7,8)(H,9,10)(H,11,12);;;/q;3*+1/p-3 
Canonical SMILES: C(C(=O)[O-])C(CC(=O)[O-
])(C(=O)[O-])O.[Na+].[Na+].[Na+] 
EC Number: 200-675-3, 218-618-2 
FEMA Number: 3026 
 ICSC Number: 1218 
RTECS Number: GE8300000 
UNII: RS7A450LGA 

Summary of Petitioned Use 13 

 14 

Sodium citrate is used as an anticoagulant in the collection of slaughterhouse blood. Slaughterhouse blood is 15 
used to make the soil amendment, blood meal. Slaughterhouse blood can be processed in different ways to make 16 
blood meal. The petition requests the addition of sodium citrate to the National List (§ 205.601), allowed for use 17 
in crop production to prevent animal blood coagulation after collection and during processing of blood for 18 
production of blood meal. 19 

Characterization of Petitioned Substance 20 

 21 

Composition of the Substance:  22 

Sodium citrate is a soluble white powder. It has many uses. One of which is as an anticoagulant in the collection 23 
and processing of animal blood. Sodium citrate treated blood may be used for production of the soil amendment, 24 
blood meal. Animal blood meal is allowed in organic crop production as a soil amendment. 25 

Source or Origin of the Substance: 26 

Sodium citrate is a salt derivative of citric acid. Citric acid is naturally occurring. Sodium citrate is 27 
chemically produced by the same process as citric acid (NOP, 2015). Commercially, citric acid is produced 28 
microbiologically mostly from the sugar refinery byproduct, molasses. The mycelial fungus Aspergillus 29 
niger or Candida spp. yeasts are frequently used for these fermentation processes. Citric acid from 30 
fermentation is neutralized with sodium hydroxide and crystalized in the production of sodium citrate. 31 
Sodium citrate can be produced microbiologically, directly from cultures of the yeast Yarrowia lipolytica, 32 
since this organism can tolerate a higher pH (Kamzolova et al., 2015).  33 

Sodium citrate is routinely added to blood as it is removed from animal carcasses during processing. The 34 
addition of sodium citrate keeps blood flowing and minimizes extensive cleaning of clotted blood from 35 
extraction and collection equipment. Anticoagulants have been considered incidental to blood meal 36 
production and part of the standard identity for blood, since a substantial portion of added sodium citrate 37 
is removed during manufacturing. Furthermore, it may not be reliably possible for manufacturers to 38 
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determine if anticoagulants have been added to blood for blood meal production (Bungum, 2017). Animals 39 
can be bled, and their blood collected without the addition of sodium citrate. This practice is not common 40 
for large animal processing plants (Food Safety Authority of Ireland, 2013; NCPS Board of Consultants and 41 
Engineers, 2016). 42 

Properties of the Substance:  43 

Sodium citrate, the sodium salt derivative of citric acid, is a crystalline white powder with a melting point 44 
of >300oC. Its molecular formulae are: anhydrous: C6H5O7Na3; hydrated: C6H5O7Na3·nH2O (n = 2 or 5) or 45 
C6H5Na3O7 or C6H5O7. 3Na. It has a molecular weight of 258.08 grams/mole. A two-dimensional 46 
structure of sodium citrate is provided in Figure 1. Previous technical reviews for citric acid and sodium 47 
citrate are available on the NOP website (NOP, 2015). 48 

 49 
 Figure 1 2D Sodium Citrate Structure 50 

(PubChem, 2017) 51 

Specific Uses of the Substance: 52 

Sodium citrate is routinely used as an anticoagulant for blood collection during slaughtering and 53 
processing of livestock. It may be applied to the sticking knife, to improve blood flow during bleeding or 54 
added to collection or storage tanks to improve stability. Blood products are separated, cooked and dried 55 
into powder at the meat processing plant or further processing plants. Storage and transfer of blood 56 
requires refrigeration. Blood meal, a by-product of the animal slaughtering industry is used in organic crop 57 
production as a soil amendment (Yunta et al., 2013; §205.203(c)). Several methods are in use commercially 58 
for production of blood meal. These differ in clotting or no clotting, drying steps and the separation of red 59 
blood cells. Some examples are batch dried, ring dried and spray dried rendering. Batch dry rendering is 60 
simple cooking of whole blood with indirect high-pressure steam to remove moisture. Ring dried 61 
rendering requires coagulation and separation of the coagulated blood from fluids. The coagulum is 62 
separately dried. In spray drying, which requires the use of sodium citrate, flowing blood treated with 63 
anticoagulant is sprayed into a warm chamber where it instantly becomes a fine powder. Drying method 64 
affects the characteristics and quality of the final product. With meat inspection, blood meal can also be 65 
used for conventional human and animal nutrition. In addition to simply drying clotted whole blood, 66 
blood may be fractionated during processing to separate red blood cells from plasma or remove specific 67 
higher valued products before dried meal is produced.  68 

  69 

Approved Legal Uses of the Substance: 70 

Sodium citrate has been verified to be of low concern based on experimental and modeled data for use as a 71 
chelating agent (anticoagulant), a preservative, an antioxidant, a processing aid and an additive (EPA Safer 72 
chemical ingredients list). Sodium citrate is included in the FDA list of substances generally regarded as 73 
safe. It is the sodium salt of citric acid prepared by fermentation and neutralization of citric acid with 74 
sodium hydroxide or sodium carbonate. The product occurs as colorless crystals or a white crystalline 75 
powder. It may be prepared in an anhydrous state or may contain two moles of water per mole of sodium 76 
citrate (21 CFR 184.1751). Sodium citrate is listed in the National List as an allowed synthetic for use in 77 
organic handling (§205.605b). The sodium salts of citric acid – monosodium citrate, disodium citrate and tri 78 
sodium citrate – are collectively listed as “sodium citrate.” These substances are used similarly as pH 79 

https://www.epa.gov/saferchoice/safer-ingredients#searchList
https://www.epa.gov/saferchoice/safer-ingredients#searchList
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control/buffering agents and stabilizers in food products. The original technical review found sodium 80 
citrate to be consistent with the OFPA 2119(m) criteria (NOSB, 2010). Sodium citrate is not allowed for use 81 
in organic crop production. 82 

  83 

 84 
Figure 2 Chelation of Ca++ by Sodium Citrate 85 

 86 

 87 

Action of the Substance:  88 

Blood is an important meat animal processing byproduct. Blood meal, a non-synthetic product of animal 89 
byproduct processing, is allowed for use as a soil amendment in organic crop production (205.203(c)). 90 
Approximately 4-5% of live animal weight is collectable blood which contains approximately 10% of 91 
animal protein. When fresh blood is extracted from an animal, fibrinogen in the blood is converted to 92 
fibrin. The presence of fibrin catalyzes the formation of a fibrous network that enmeshes blood cells and 93 
other blood components into a clot. Clotting can be inhibited by vigorous agitation, chilling or by the 94 
addition of anticoagulants. Sodium citrate is an anticoagulant commonly used for collecting blood in 95 
slaughterhouses (Fernando, 1992). Ionic calcium is essential for the conversion of fibrinogen to fibrin. 96 
Sodium citrate acts to chelate or remove available calcium required for the fibrinogen to fibrin conversion 97 
preventing blood coagulation (clotting). In chelation, calcium binds to the dentate carboxyl moieties of 98 
citrate (Fig. 2).  99 

Blood can become recalcified through cell breakdown and bacterial degradation. When calcium is available 100 
for fibrinogen to fibrin conversion, clotting resumes. After bleeding warm blood is only stable for 101 
approximately eight hours. Without refrigeration, fresh whole blood must be processed and dried shortly 102 
after bleeding. Even with the addition of sodium citrate, animal byproduct producers reduce whole blood 103 
degradation, bacterial contamination and further clotting by chilling stored blood with stirring prior to 104 
inspection and further downstream processing. This is important, if blood must be transported to another 105 
facility. Chilled whole blood held at 2-3oC is stable for approximately 120 hours which facilitates off site 106 
processing (Labudde Group, 2017; Sjoberg, 2017). 107 

Combinations of the Substance: 108 

Sodium citrate is added directly to blood as it is collected during meat animal processing. It may be 109 
dissolved in water and added as a solution to speed its action. Other substances are not generally used in 110 
combination for byproduct meat animal blood processing. 111 

Status 112 

 113 

Historic Use: 114 

Sodium citrate was first used as an experimental anticoagulant in blood transfusion for dogs in the 1890s 115 
(Mollison, 2000; Hedley-Whyte and Miamed, 2010). By 1915, the minimum amount of sodium citrate 116 
necessary for anticoagulation of blood without side effects had been determined for human use (Lewisohn, 117 
1915). By 1918, the military development of an acceptable procedure for human blood transfusion and 118 
blood storage became a necessity. Sodium citrate at 0.2% was not only safe for humans use, but could be 119 
used for routine transfusion practice and storage of whole blood for up to two weeks (Arthus, 1905; 120 
Lewisohn, 1918). Sodium citrate has been used as an anticoagulant for the collection of slaughterhouse 121 
blood since the late 1800s (Wismer-Pedersen, 1988). 122 

 123 

https://www.ams.usda.gov/sites/default/files/media/Sodium%20Citrate%20TR.pdf
https://www.ams.usda.gov/sites/default/files/media/NOP%20Handling%20Final%20Rec%20Sunset%202012%20Sodium%20Citrate.pdf
https://www.ams.usda.gov/sites/default/files/media/NOP-5034-1.pdf
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Organic Foods Production Act, USDA Final Rule:  124 

Sodium citrate is listed on 205.605(b), synthetics allowed for processed products labeled as organic.  125 

International 126 

Canada - Canadian General Standards Board Permitted Substances List. Sodium citrate is listed in 127 
CAN/CGSB-32.311-2015 — Organic production systems - Permitted substances lists sodium citrate as a 128 
food additive, as a food grade cleaner, disinfectant and sanitizer (without removal), and as a cleaner, 129 
disinfectant and sanitizer (removal is mandatory). 130 

CODEX Alimentarius Commission, Guidelines for the Production, Processing, Labelling and Marketing 131 
of Organically Produced Foods (GL 32-1999) -  132 

According to Codex Alimentarius GL 32-1999, sodium citrate is not permitted for use in organic production 133 
of food of plant origin, but is permitted for use in organic production in processed food of animal origin as 134 
follows: butter milk (plain) (stabilizer only); dairy-based drinks, flavored and/or fermented (e.g., chocolate 135 
milk, cocoa, eggnog, drinking yoghurt, whey-based drinks); fermented milks (plain), heat-treated after 136 
fermentation (stabilizer only); renneted milk (stabilizer only); condensed milk and analogues (plain) 137 
(stabilizer only); cream (plain) and the like (stabilizer only); milk powder and cream powder (plain) 138 
(stabilizer only); unripened cheese (stabilizer only); processed cheese (emulsifier only); dried whey and 139 
whey products, excluding whey cheeses; processed comminuted meat, poultry, and game products, 140 
restricted to sausages; to be used in pasteurization of egg whites only in the following: egg products. 141 

European Economic Community (EEC) Council Regulation, EC No. 834/2007 and 889/2008 142 

Commission Regulation (EC) No 889/2008 lays down rules for the use of sodium citrate. It is permitted in 143 
the production of processed organic food for preparation of foodstuffs of animal origin, but not permitted 144 
in foodstuffs of plant origin. 145 

Japan Agricultural Standard (JAS) for Organic Production—  146 

The Japanese Agricultural Standard for Organic Processed Foods allows the use of sodium citrate limited 147 
to dairy products or albumen and sausage as low temperature pasteurization. The Japanese Agricultural 148 
Standard for organic livestock does not allow the use of sodium citrate. The Japanese Agricultural 149 
Standard for organic plants does not allow the use of sodium citrate. The Japanese Agricultural Standard 150 
for organic feeds does not allow the use of sodium citrate. 151 

International Federation of Organic Agriculture Movements (IFOAM) – 152 

The IFOAM norms allow the use of sodium citrates for production of processed foods as an additive and as a 153 
processing aid. 154 

Evaluation Questions for Substances to be used in Organic Crop or Livestock Production 155 

Evaluation Question #1:  Indicate which category in OFPA that the substance falls under: (A) Does the 156 
substance contain an active ingredient in any of the following categories:  copper and sulfur 157 
compounds, toxins derived from bacteria; pheromones, soaps, horticultural oils, fish emulsions, treated 158 
seed, vitamins and minerals; livestock parasiticides and medicines and production aids including 159 
netting, tree wraps and seals, insect traps, sticky barriers, row covers, and equipment cleansers?  (B) Is 160 
the substance a synthetic inert ingredient that is not classified by the EPA as inerts of toxicological 161 
concern (i.e., EPA List 4 inerts) (7 U.S.C. § 6517(c)(1)(B)(ii))?  Is the synthetic substance an inert 162 
ingredient which is not on EPA List 4, but is exempt from a requirement of a tolerance, per 40 CFR part 163 
180?  164 

As an anticoagulant used in processing blood for blood meal, sodium citrate may be considered a 165 
production aid (7 USC 6517(c)(1)(B)(i)). Sodium citrate is the sodium salt of citric acid prepared from citric 166 
acid by neutralizing citric acid with sodium hydroxide or sodium carbonate followed by a crystallization 167 
step. Commonly available forms are anhydrous or dehydrate. 168 

Evaluation Question #2:  Describe the most prevalent processes used to manufacture or formulate the 169 
petitioned substance.  Further, describe any chemical change that may occur during manufacture or 170 
formulation of the petitioned substance when this substance is extracted from naturally occurring plant, 171 
animal, or mineral sources (7 U.S.C. § 6502 (21)). 172 
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Sodium citrate is produced by addition of sodium carbonate monohydrate to a hot aqueous solution of 173 
citric acid. The resulting solution is then evaporated until crystallization has taken place. Another synthetic 174 
method used for producing sodium citrate is decomposing calcium citrate with an alkali metal salt 175 
(sodium). Citric acid production is described in a 2015 NOP technical report. Some microorganisms can 176 
produce sodium citrate directly during fermentation. Sodium citrate is directly recovered from citric acid 177 
fermentation broth by removing impurities at pH 9-13 and concentrating the resulting fluid at pH 10-13. 178 
The organisms for this type of fermentation are yeasts, such as Candida, Bretanomyces, Debaryomyces, 179 
Hanseula, Koeckera, Torulopsis, Pichia, Triospora, Saccharomyces and bacteria such as Corynebacterium and 180 
Arthrobacter (Tsuda et al., 1975). In another process, Yarrowia lipolytica ferments glycerol-containing 181 
biodiesel waste and produces sodium citrate, which is filtered from the culture after pH adjustment to 7-8 182 
with NaOH (Kamzolova et al., 2015).  183 

Evaluation Question #3:  Discuss whether the petitioned substance is formulated or manufactured by a 184 
chemical process, or created by naturally occurring biological processes (7 U.S.C. § 6502 (21)).   185 

Sodium citrate is synthetic. It is currently classified as synthetic in 205.605(b). The use of sodium citrate as 186 
an anticoagulant depends on the application and process approach. When a farm animal is slaughtered 187 
blood is released in an amount equivalent to 6-7% of the lean meat of the carcass based on total protein. 188 
Many cultures consider meat animal blood a food (Wismer-Pedersen, 1988). In addition to uses in food, 189 
animal blood has many uses in feed, laboratory, medical, industrial and fertilizer applications (Ockerman 190 
and Hansen, 2000).  191 

Blood is composed of two primary fractions separable by centrifugation: the plasma and the red blood 192 
cells. Red blood cells contain the protein hemoglobin (Fernando, 1992). A relatively small quantity of white 193 
blood cells and platelets are also present. Plasma contains the proteins albumin, globulin and fibrinogen. 194 
Fibrinogen is involved in clotting. Greater than 80% of raw blood is water (Fernando, 1992). 195 

The efficiency of blood collection depends on the animal, the length of time permitted for bleeding and the 196 
method for collection (Fernando, 1992). Blood from slaughterhouse animals is usually collected in one of 197 
two ways depending upon the application. It can be collected hygienically for use in foods and products, 198 
such as hemoglobin and plasma proteins. A closed draining system can be used where blood from the 199 
slaughterhouse animal is not exposed to air and is drained directly from the body of the animal; for 200 
example, using a hollow knife connected to vacuum piping (Fig 3). Blood for food or therapeutic 201 
applications must come with a guarantee that it is sourced from veterinary-approved disease-free animals 202 
and is free from contamination. In alive and healthy animals, blood is “sterile”, in the sense that it can be 203 
consumed. However, collecting blood hygienically requires additional equipment, adds cost and slows 204 
down any slaughtering line speed (Bah et al., 2013). Transport of harvested blood to a processing facility 205 
may also require the use of a refrigerated tanker truck (Fernando, 1992). Another method for collecting 206 
animal blood is open draining into buckets, trays or onto the floor. This method is particularly susceptible 207 
to contamination and not likely to be suitable for food or therapeutic applications. Rather blood collected 208 
this way is used industrially or for fertilizer production. In any case it is prudent to consider collecting 209 
blood as a byproduct rather than discarding it. Blood has a high chemical oxygen demand (COD) (500,000 210 
milligrams O2/liter). As a result, disposal of large quantities of slaughterhouse blood can cause 211 
environmental problems (Kostic et al., 2013).  212 

After bleeding clotting takes place in three to ten minutes depending on the environmental temperature. 213 
Clotting is caused by the conversion of soluble fibrinogen in the blood to insoluble fibrin by the enzyme 214 
thrombin. Clotting does not occur in circulating blood because there are natural anticoagulants present in 215 
intact blood vessels. Clotting may or may not be desirable for processing depending on the use of collected 216 
blood (Fig 4). Some of the commercial processes used for production of blood meal, which is used as a soil 217 
amendment in organic crop production require blood to clot to separate the solids from water. However, 218 
blood is a complex product and some value-added production streams may require the use anticoagulants 219 
to permit collection and separation of erythrocytes and protein products in addition to the production of 220 
blood meal. Clotting can be efficiently inhibited with the addition of 0.2 % sodium citrate during blood 221 
collection (Lewisohn, 1915). Regulations for the use of sodium citrate in the food and pharmaceutical 222 
industry vary from country to country (Ockerman and Hansen, 2000). Sodium citrate removes ionic 223 
calcium from solution. Ionic calcium is necessary for clotting to occur (Kingston et al., 2001).  224 

 225 

https://www.ams.usda.gov/sites/default/files/media/Citric%20Acid%20TR%202015.pdf
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 226 

 227 

Fig. 3 Example of equipment to hygienically collect blood in an abattoir  228 
(from Wismer-Pedersen, 1988). 229 

 230 

 231 

 232 
Fig. 4 Treatment of slaughterhouse blood for specific uses (from Fernando, 1992) 233 

 234 
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Sodium citrate is an allowed synthetic substance for use as an ingredient in organic processing (205.605(b)). 235 
Sodium citrate is not on the National List for use in organic crop production. 236 

 237 

Evaluation Question #4:  Describe the persistence or concentration of the petitioned substance and/or its 238 
by-products in the environment (7 U.S.C. § 6518 (m) (2)). 239 

Sodium citrate is the sodium salt of citric acid. It is highly mobile in the environment and partitions to the 240 
aquatic compartment. Sodium citrate is rapidly degraded microbiologically in sewage works, in surface 241 
waters and in soil. Generally, citric acid and its salts have not been judged by the EPA or Organization for 242 
Economic Cooperation to be substances that present a hazard to the environment (EPA, 1992; OECD, 2001). 243 

Evaluation Question #5:  Describe the toxicity and mode of action of the substance and of its 244 
breakdown products and any contaminants. Describe the persistence and areas of concentration in the 245 
environment of the substance and its breakdown products (7 U.S.C. § 6518 (m) (2)). 246 

Sodium citrate is of low acute toxicity to freshwater fish, daphnia, algae and marine species. Similarly, 247 
sodium citrate has no obvious toxic potential against protozoans and many species or strains of bacteria 248 
including activated sludge micro-organisms (EPA, 1992; OECD, 2001).  249 

Evaluation Question #6:  Describe any environmental contamination that could result from toxicity due 250 
to the petitioned substance’s manufacture, use, misuse, or disposal (7 U.S.C. § 6518 (m) (3)). 251 

Sodium citrate is produced biologically by the same submerged fermentation process with starch/sucrose-252 
based media as citric acid, but is neutralized in the presence of appropriate alkaline solutions (e.g., sodium 253 
hydroxide or sodium carbonate) and crystallized. Several agricultural waste residues and by-products are 254 
used as production substrates for sodium citrate production including molasses, fruit pomace waste, wheat 255 
bran, coffee husk, and cassava bagasse. Most of the substrates would otherwise be composted, but 256 
represent a value-added component in sodium citrate production (Dhillon et al., 2011). Fermentation waste 257 
can be composted. However, the production of 1 ton of citric acid produces 40 tons of acidic wastewater 258 
with a high chemical oxygen demand. Production wastewater can be treated by biohydrogen production, 259 
electrochemical oxidation, membrane filtration and anaerobic and aerobic bacterial digestion. Studies are 260 
underway to repurpose this wastewater stream for methane production (Zhang et al., 2014). 261 

Evaluation Question #7:  Describe any known chemical interactions between the petitioned substance 262 
and other substances used in organic crop or livestock production or handling.  Describe any 263 
environmental or human health effects from these chemical interactions (7 U.S.C. § 6518 (m) (1)). 264 

Sodium citrate is very soluble in water and microbiologically degradable. As an anticoagulant for 265 
slaughterhouse blood, sodium citrate is used at a concentration of 0.2-0.4% and may become a component 266 
of the meat processing effluent. As a low concentration component (≤0.08%) of blood meal used as a soil 267 
amendment it is expected for sodium citrate to become a metabolite of soil bacteria. 268 

Evaluation Question #8:  Describe any effects of the petitioned substance on biological or chemical 269 
interactions in the agro-ecosystem, including physiological effects on soil organisms (including the salt 270 
index and solubility of the soil), crops, and livestock (7 U.S.C. § 6518 (m) (5)). 271 

Sodium nitrate is used at a concentration of 0.2-0.4% in whole fresh blood. Blood is mostly composed of 272 
water (≥80%). Thus, dried blood meal is expected to contain no more than ~0.1% sodium citrate. Potential 273 
organic fertilizer nitrogen sources vary in nitrogen cost and nitrogen mineralization rate. Blood meal has a 274 
nitrogen content of about 12% and 75% of organic carbon and nitrogen is mineralized after 8 weeks at 25oC. 275 
The rest can be found in humus components (Ciavatta et al., 1997). Blood meal is comparable to liquid 276 
fertilizers, e.g. liquid fish (Gaskell and Smith, 2007). It can be prepared by spray drying hemolyzed red 277 
blood cells from sodium citrate treated slaughterhouse blood and is a good soil amendment for the 278 
prevention of iron chlorosis in plants (Gruppo Farpro, 2017; Kalbasi and Shariatmadari, 1993). Mossbauer 279 
and electron paramagnetic spectra revealed that iron from the blood meal amendment is associated with 280 
the porphyrin heme group of hemoglobin. There is an advantage to application of iron in blood meal since 281 
it is bound to an organic moiety easing plant uptake of iron. However, when high CaCO3 is present in the 282 
soil, the iron bound porphyrin is likely to aggregate and cause the iron to be retained in the soil. Sodium 283 
citrate does not appear to negatively affect soil fertility (Yunta et al., 2013). As a fertilizer, blood meal 284 
produced using sodium citrate treated blood, provides sources of nitrogen, phosphorus, and calcium; 285 
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improves soil structure; promotes beneficial soil microorganisms; encourages earthworms; increases plant 286 
growth and yield; provides a balanced supply of nitrogen, phosphorus, and potassium, and organic matter 287 
including amino acids, albumin, globulin, cholesterol, and calcium; increases the growth promoters 288 
tricontanol and gibberellic acid; reduces waterlogging plant stress and reduces plant stress recovery time 289 
(Quilty and Cattle, 2011). Application of blood meal as soil amendment causes soil electrical conductivity, 290 
organic matter and pH to increase (Citak and Sonmez, 2011).  291 

Evaluation Question #9:  Discuss and summarize findings on whether the use of the petitioned 292 
substance may be harmful to the environment (7 U.S.C. § 6517 (c) (1) (A) (i) and 7 U.S.C. § 6517 (c) (2) (A) 293 
(i)). 294 

Sodium citrate is the sodium salt of citric acid. Citric acid has been produced for many years in high 295 
volumes and added to processed food and beverages, used in pharmaceutical preparations and in 296 
household cleaners as well as in special technical applications (OECD, 2000). Citric acid is a well-known 297 
component of carbohydrate metabolism in living organisms, and is found naturally in soil and water. It 298 
degrades readily when in contact with a variety of microorganisms that are found in soil, natural waters 299 
and sewage treatment systems (EPA, 1992). Citric acid is of low acute toxicity to freshwater fish, daphnia 300 
and algae and a few marine species, e.g. crabs, green algae, diatoms. Similarly, citric acid has no obvious 301 
toxic potential against protozoans and many species or strains of bacteria including activated sludge micro-302 
organisms. Monitoring data has shown that while raw sewage contains up to 10 milligrams citrate/liter, 303 
background concentrations in river water range between < 0.04 and maximally 0.2 mg/l, and between 304 
0.025 and 0.145 mg/l in Atlantic coast surface seawater. However, these water concentrations for citrate do 305 
not only arise from manmade citric acid. Citric acid is extremely widespread in plant and animal tissues 306 
and fluids and every single eukaryotic organism produces citric acid and excretes part of it to the 307 
environment. Based on a large volume of available data collected by the Organization for Economic 308 
Development citric acid was not judged to be a substance that presents a hazard to the environment 309 
(OECD, 2000). 310 

Evaluation Question #10:  Describe and summarize any reported effects upon human health from use of 311 
the petitioned substance (7 U.S.C. § 6517 (c) (1) (A) (i), 7 U.S.C. § 6517 (c) (2) (A) (i)) and 7 U.S.C. § 6518 312 
(m) (4)). 313 

Industrial releases of citric acid can occur from the production site and its use in industrial processes. 314 
Consumers are directly exposed to citric acid or its salts in diluted concentrations in many products from 315 
soft drinks and processed food to common household cleaners, detergents and washing powders. There is 316 
no acceptable daily intake level. Occupational exposure may occur during manufacturing and processing 317 
of sodium citrate. There is no recommended occupational exposure level. Citric acid has a low acute 318 
toxicity by oral application in both rat (LD50 = 3,000– 12,000 mg/kg, 3 different values) and mouse (LD50 = 319 
5,400 mg/kg). General effects consisted of physiological disturbances (acidosis and calcium deficiency), 320 
while “high” doses caused nervous system effects as well as severe damage to the stomach mucosa. By 321 
subcutaneous application, LD50 values of 5,500 mg/kg in rats and 2,700 mg/kg in mice have been 322 
reported. Injection of citric acid by various routes in rats, mice and rabbits (no doses stated) caused nervous 323 
system, lung, spleen and liver effects that were in part attributed to acidosis and calcium deficiency. 324 
Ingestion of a single dose of 25 g of citric acid by a woman (corresponding to approx. 417 mg/kg) caused 325 
vomiting and near dying in one reported case. Volunteers given oral doses of potassium or magnesium 326 
citrate corresponding to approx. 4.7 g of citric acid did not suffer any overt gastrointestinal effects. Injection 327 
of large volumes of citrated blood during transfusion may lead to hypocalcaemia and changes in blood 328 
composition with concomitant nausea, muscle weakness, breathing difficulties and even cardiac arrest. 329 
Sodium citrate is a strong irritant to the eyes and a moderate skin irritant (OECD, 2000). 330 

Evaluation Question #11:  Describe all natural (non-synthetic) substances or products which may be 331 
used in place of the petitioned substance (7 U.S.C. § 6517 (c) (1) (A) (ii)). Provide a list of allowed 332 
substances that may be used in place of the petitioned substance (7 U.S.C. § 6518 (m) (6)). 333 

There are not many non-synthetic substances or products that may be used as anticoagulants for 334 
slaughterhouse blood processing. Such substances would need to prevent the proenzyme, thrombinogen 335 
from converting to thrombin, prevent the proenzyme fibrinogen from converting to fibrin and/or prevent 336 
the web-like matrix formation of fibrin in the blood, e.g. chelating calcium ions. Naturally, the glycoprotein 337 
heparin serves as an anticoagulant in blood vessels and in the intestines. Because heparin is chemically 338 
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extracted from animal byproducts and crystallized as a salt, it is not considered non-synthetic. Heparin is 339 
prohibited for use in livestock care (205.105(a)). A mixture of phosphates containing 22% Na2HPO4, 340 
22%Na4P2O7, 16% Na2H2P2O7 and 40% NaCl at a rate of 10 grams/liter is an effective anticoagulant, 341 
although they are not included in section 205.601 of the National List and not allowed for use in organic 342 
crop production. Sodium oxalate may also be used as an anticoagulant, but it is considered poisonous and 343 
may not be appropriate for application to soil as a soil amendment (Ockerman and Hansen, 2000).  344 

Plant, bacterial and fungal proteolytic enzymes such as papain, bromelin, trypsin, fibrinolysin, bacterial 345 
protease N, bacterial protease P, bacterial protease S and others have been used in place of anticoagulants 346 
industrially to extract proteins from blood. These enzymes act proteolytically on fibrin to prevent clotting 347 
and support a process to provide good quality protein (Quaglia and Massacci, 1982).  348 

Evaluation Question #12:  Describe any alternative practices that would make the use of the petitioned 349 
substance unnecessary (7 U.S.C. § 6518 (m) (6)). 350 

In practice, blood flows from an animal after it is stuck with a knife (Fig 3). The blood can be collected in 351 
troughs or tanks beneath the animal. If a hollow knife is used with an anticoagulant injected at knifepoint 352 
whole blood can be pumped aseptically to tanks for further processing. Further processing can include 353 
conventional use in foods and feed if the animal carcass from which it came is approved by a meat 354 
inspector. An anticoagulant can also be added to the open troughs or tanks to facilitate additional 355 
separations, e.g. whole blood may be separated into red blood cells and plasma and the fractions are dried 356 
or processed separately. Separated red blood cells can be dried or spray dried for use in blood meal for 357 
fertilizer.  358 

Without added anticoagulant, clotted blood is collected and processed by separating clotted blood from the 359 
water component, drying and grinding. (Stevenson and Lloyd, 1979). Blood that is collected in this way can 360 
be directly batch dried. In this drying process, water may be added to the blood as it is charged into a batch 361 
cooker that simply dries the blood to 2-10% moisture. In batch coagulation followed by batch drying raw 362 
blood is first coagulated with steam. The coagulum is then separated by draining off liquid before it is 363 
moved to a drier for drying. Continuous coagulation before drying is the most commonly used process. In 364 
each of these processes, an anticoagulant is optional (Fernando, 1992). Rapid chilling of blood to 1-2o C (34-365 
36oF) will prevent coagulation without an anticoagulant, but blood will coagulate when the temperature 366 
increases. Agitation and refrigeration are routinely used where blood must be stored or transported prior 367 
to processing to prevent microbial growth. Vigorous stirring of blood causes fibrin to adhere to the stirring 368 
rod and prevent coagulation, however this process damages red blood cells (Ockerman and Hansen, 2000). 369 
This process called defibrination removes the potential of blood to clot. Defibrinated blood is available 370 
commercially. 371 

Blood is an edible byproduct of meat processing. Edible blood is regulated in the same way as other meat 372 
products and must be inspected prior to consumption by the supervising agency. Edible by-products are 373 
perishable and must be chilled quickly after slaughter and processed or moved into retail trade (Ricke et 374 
al., 2012). One certified organic slaughterhouse in the US provides blood for human consumption 375 
(Kaufman, 2015; Organic Integrity Database (Operation Profile (7360000108) updated on 12/14/2017)). 376 
Sodium citrate may be added to fresh whole blood collected for human consumption. Dried blood as a 377 
food grade ingredient may contain less than 0.1% of sodium citrate by weight. Producers must usually 378 
follow hazard analysis critical control point (HAACP) principles, clean equipment after each use and 379 
document the origin of each batch of blood. Regardless of whether or not an anticoagulant is used, storage 380 
of fresh blood is maintained with stirring and chilling in closed containers (Food Safety Authority of 381 
Ireland, 2013). Chilling in this case in this case also inhibits the growth of bacterial contaminants. 382 

Labels for blood meal advertised for use as fertilizer do not normally indicate the animal origin of the 383 
product, the condition of the animals, whether an anticoagulant (e.g. sodium citrate) was used or the 384 
process that was used for production. Thus, unless specifically stated on the label, it may not be possible to 385 
determine if sodium citrate was used as an anticoagulant during the collection of blood to be used for 386 
blood meal. There are no organic production operations listed in the organic integrity database for 2017 387 
that are certified to provide organically produced blood for food or fertilizer.  388 

Slaughterhouse blood processing end products’ technical and sanitary requirements determine their costs 389 
and production efficiencies. Lots that are rejected for a higher priced product may be acceptable for another 390 
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less expensive product. Specifically, reliable sourcing of blood meal prepared from slaughterhouse blood 391 
that was not treated with sodium citrate may require traceabilty and segregation of the non-treated 392 
material after it was withdrawn from animals independently of how the blood meal was prepared. Such 393 
information could be provided on the product label or obtained from a process verification audit. 394 

References 395 

 396 

Arthus, M.M. (1905) De L’action anticoagulante du citrate de soude, Comptes Rendus Hebdomadairies, 397 
Societe de Biologie, 16, p. 526-531. 398 

Bungum, P. (2017) Anticoagulants, OMRI Materials Review, Organic Materials Review Institute, Spring, 399 
pp. 5-6. 400 

Ciavatta, C., Govi, M., Sitti, L. and Gessa, C. (1997) Influence of blood meal organic fertilizer on soil organic 401 
matter: A laboratory study, Journal of Plant Nutrition, 20:11, pp. 1573-1591. 402 

Citak, S. and Sonmez, S. (2011) Effects of fertilizer and different organic manures application on soil pH, 403 
EC and organic matter content, Journal of Food, Agriculture and Environment, 9:3-4, pp. 739-741. 404 

Dhillon, G.S., Vrar, S.K., Verma, M. and Yagi, D. (2010) Recent Advances in Citric Acid Bio-production and 405 
Recovery, Food Bioprocess, 4, pp. 505–529. 406 

EPA R.E.D. (1992). Environmental Protection Agency. Reregistration Eligibility Document: Citric Acid. 407 
Washington D.C. 408 

Fernando, T. (1992) Blood meal, meat and bone meal and tallow in Inedible meat by-products, Pearson, 409 
A.M. and Dutson, T.R., eds., Advances in Meat Research, 8, Elsevier Applied Science, pp. 81-112. 410 

Food Safety Authority of Ireland (2013) Harvesting Blood for Making Black Pudding, Food Safety 411 
Authority of Ireland, Abbey Court, Lower Abbey St, Dublin 1, Email: info@fsai.ie Website: www.fsai.ie 412 

Gaskell, M. and Smith, R. (2007) Nitrogen sources for organic vegetable crops, Hort. Technology, 17:4, pp. 413 
431-441. 414 

Gruppo Farpro (2017) HEMoFe125 Technical Data Sheet 415 

Hedley-White, J. and Milamed, D.R. (2010) Blood and War, Ulster Med. J., 79:3, pp. 125-134. 416 

Kalbasi, M. and Shaiatmadari, H. (1993) Blood powder, a source of iron for plants, Journal of Plant 417 
Nutrition, 16:11, pp. 2213-2223. 418 

Kamzolova, S.V., Vinokurova, N.G., Lunina, J.N., Zelenkova, N.F. and Morgunov, I.G. (2015) Production of 419 
technical-grade sodium citrate from glycerol-containing biodiesel waste by Yarrowia lipolytica, Bioresource 420 
Technology, 193, pp. 250–255. 421 

Kauffman, J. (2015) Flesh and blood — from sausages to stews, a spot of red enriches, Houston Chronicle. 422 

Kingston, J.K., Bayly, W., Sellon, D.C., Meyers, K.M. and Wardrop, J. (2001) Effects of sodium citrate, low 423 
molecular weight heparin and prostaglandin E1 on aggregation, fibrinogen binding and enumeration of 424 
equine platelets, American Journal of Veterinary Research, 62:4, pp. 547-554. 425 

Kostic, I., Bukara, K., Ilic, V. and Bugarski, B. ( 2013) Effect of bovine blood storage in slaughterhouses on 426 
parameters relevant to hemoglobin isolation, International 57th Meat Industry Conference, June 10-12, 427 
2013, Belgrade, Serbia, P-10. 428 

Labudde Group Incorporated (2017) Blood Meal, Whole, Specification sheet, www.labudde.com. 429 

Lewisohn, R.  (1916) The importance of the proper dosage of sodium citrate in blood transfusion, Ann Surg 430 
64:5, pp. 618-23. 431 

Lewisohn, R. (1915) The citrate method of blood transfusion in children, Am. J. Med. Sci, 150, pp. 886-9. 432 

Lewisohn, R. (1915) The citrate method of blood transfusion in children, American Journal of the Medical 433 
Sciences, 150, pp. 886-889. 434 

Lewisohn, R. (1917) Modern methods of blood transfusion. JAMA, 68:11, pp. 826-8. 435 

https://www.fsai.ie/publications_factsheet_harvesting_blood/
http://agro.farpro.it/layout/upload/HemoFe125ING.pdf
https://www.houstonchronicle.com/food/articleComments/Flesh-and-blood-from-sausages-to-stews-a-6079604.php
http://www.labudde.com/blood-meal-whole/


Technical Evaluation Report                  Sodium Citrate       Crops 

December 18, 2017  Page 11 of 11 

Mollison, P.L. (2000) The introduction of citrate as an anticoagulant for transfusion and of glucose as a red 436 
cell preservative, British Journal of Haematology, 108, pp. 13-18. 437 

NPCS Board of Consultants and Engineers (2016) Handbook on Pig Farming and Pork Processing: 438 
(Feeding Management, Breeding, Housing Management, Sausages, Bacon, Cooked Ham with Packaging), 439 
Niir Project Consultancy Services, pp. 83-86. 440 

Ockerman, H.W. and Hansen, C.L. (2000) Animal by-product processing and utilization, Technomic 441 
Publications, pp. 329-354. 442 

Organization for Economic Cooperation—OECD (2001) Citric Acid, Screening Information Data Sets (SIDS) 443 
initial assessment report for 11th Screening Initial Assessment Meeting (SIAM), Paris, France. 444 

PubChem (2017) Sodium Citrate 445 

Quaglia, G.B. and Massacci, A. (1982) Proteolysates from slaughterhouse blood, J. Sci. Food. Agric., 33, pp. 446 
634-638. 447 

Quilty, J.R. and Cattle, S.R. (2011) Use and understanding of organic amendments in Australian 448 
agriculture: a review, Soil Research, 49, pp. 1–26. 449 

Ricke, S.C., van Loo, E.L., Johnson, M.G. and O’Bryan, C.A. (2012) Organic Meat Production and 450 
Processing, John Wiley and Sons. 451 

Sjoberg, John (2017) Animal blood recovery for edible purposes, Anitec,  452 

Stevenson, T.R. and Lloyd, C.J. (1979) Better uses for abattoir blood, Agricultural Gazette of New South 453 
Wales. 90:6, pp. 42-45. 454 

Tsuda, M., Fujiwara, Y. and Shiraishi, T. (1975) Method for producing sodium citrate dihydrate—US Patent 455 
3,904,684. 456 

US Department of Agriculture, Agricultural Marketing Service, National Organic Program—NOP 457 
(2015) Citric acid and salts, Technical Evaluation Report. 458 

Wismer-Pedersen, J. (1988) Use of haemoglobin in foods—A review, Meat Science, 24, pp. 31-45. 459 

Yunta, F., diFoggia, M., Bellido-Diaz, V., Morales-Calderon, M., Tessarin, P., Lopex-Rayo, S., Tinti, A., 460 
Kovacs, K., Klencsar, Z., Fodor, F. and Rombola, A.D. (2013) Blood Meal-Based Compound. Good Choice 461 
as Iron Fertilizer for Organic Farming, J. Agric. Food Chem., 61, pp. 3995−4003. 462 

Yunta, F., DiFoggia, M., Bellido-Diaz, V., Morales-Calderon, M., Tessarin, P. and Rombola, A.D. (2013) J. 463 
Agric. Food Chem. 2013, 61, pp. 3995−4003. 464 

Zhang, H-J., Zhang, J-H., Xu, J., Tang, L. and Mao, Z-G. (2014) A novel recycling process using the treated 465 
citric acid wastewater as ingredients water for citric acid production, Biochemical Engineering Journal, 90, 466 
pp. 206–213. 467 

http://www.inchem.org/documents/sids/sids/77929.pdf
http://www.inchem.org/documents/sids/sids/77929.pdf
https://pubchem.ncbi.nlm.nih.gov/compound/Sodium_citrate#section=Top
http://www.butina.eu/fileadmin/user_upload/images/Blood/Blood_articles/Animal_blood_recovery.pdf
https://www.ams.usda.gov/sites/default/files/media/Citric%20Acid%20TR%202015.pdf

	Identification of Petitioned Substance
	Summary of Petitioned Use
	Characterization of Petitioned Substance
	Composition of the Substance:
	Source or Origin of the Substance:
	Properties of the Substance:
	Action of the Substance:
	Combinations of the Substance:

	Status
	Historic Use:
	Organic Foods Production Act, USDA Final Rule:
	International

	Evaluation Questions for Substances to be used in Organic Crop or Livestock Production
	References

