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INTRODUCTION. 

During the past few years the Bureau of Chemistry has conducted 
a very comprehensive investigation to establish a basis for judging 
tomato products. Experiments were conducted in the bureau 
laboratory and also in factories, a large number of which were visited. 
Out of the mass of data thus collected, it is felt that the scientific 
facts underlying the relationship between microorganisms and the 
rot and decay of tomato products should be of value to manufacturers 
and food control officials at this time. The results bearing upon the 
relation of the physical condition of the stock from which tomato 
products are made to the number of microorganisms present in 
tomato products are therefore given in this bulletin. 
A great many tests at factories were made by noting the general 

condition of the stock and then examining microscopically samples 
of the finished product., The criteria published in 1911 in Bureau 
of Chemistry Circular 68,! for the guidance of manufacturers, were 

1 Sold by U. S. Superintendent of Documents Washington, D. C., for 5 cents. 
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reached largely by such experiments. At that time very few tests 
had been made to correlate the amount of rot by weight with the 
microscopical counts. In the present discussion, therefore, the. 
results obtained by visual inspection are considered first. The other 
series, that in which the percentage of rot was estimated, is discussed 
later (p. 8). 

RELATION BETWEEN VISUAL INSPECTION AND MICROSCOPICAL 
EXAMINATION. 

Tables 1 to 6, inclusive, and Tables 9 to 12, inclusive, show that a 
fairly concordant relationship exists between the character of stock 
as determined by visual inspection and the microscopic counts on 
the final product. In Bureau of Chemistry Circular 68 it was sug- 
gested that by good, sanitary practice the mold count could be kept 
down to 25 per cent or less, the yeast and spore count to 25 or less, per 
1/60 cubic millimeter and the bacteria per cubic centimeter to 25 mil- 
lion orless. In only one instance in Tables 1 to 6 (Table 1, S 32) are 
these suggested limits exceeded on stock which to visual inspection 
appeared acceptable. In thissample the bacteria ran somewhat higher 
than is usual for passable stock. These results show that good stock 
properly handled almost never runs high in microorganisms. 

In general, high counts of microorganisms are obtained on products 
made from stock which by visual inspection would be judged as 
objectionable or from stock which has been improperly handled. 
There seem to be, however, more exceptions to this rule than: to 
that governing the microorganism count on products made from good 
stock. In three or four samples the counts are comparatively low 
on stock which to visual inspection appeared dubious. The few 
such exceptions which from time to time occur do not modify the 
fact that high counts of organisms indicate unmistakably that the 
stock used was in bad condition or that it was handled in an insani- 
tary manner during manufacture. Either of these causes furnishes 
sufficient ground for condemnation of the product. 

TOMATO PULP. 

The average of the counts on pulp from stock which appeared 
acceptable from a visual inspection (Table 1) is as follows: Molds in 

8 per cent of the fields; yeasts and spores, 8 per 1/60 cmm; bacteria, 
5,900,000 per cc. Table 2 gives the results of counts on pulp made 
from unacceptable or questionable stock. Taking averages of the 
counts in this table, excluding samples of questionable character, 
the following results are obtained: Molds, 51 per cent of the fields; 
yeasts and spores, 51 per 1/60 cmm; bacteria, 77,900,000 per ce. 
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TaBLE 1. —Analysis of pulp made from stock approved by visual inspection. 

Character] Yeasts Vields 
Sample.1 Description. from in- and Bacteria.| with 

spection.2] Spores. molds. 

Per Million 
H 61a | Pulp, skin and core; fairly well sorted and made 1/60cmm.| perce. | Percent. 

RECS LOM pblyaseeeas eee ece tae eeeceeinecaceinceeeer O. K. 9 3 16 
(AEG) Noses CLO: a alle eee eT Sota aesier = alee vers ORK il 17 12 
H 73>) Pulp, skin and core; well sorted and made up 

| POND ANS aad n cme Sedacaenuosoos abnnbaoecduoeednes OK 13 9 20 
II 77a Pulp, whole tomatoes; sorted under personal super- 

Nereis] OMe o apt che Ais sae earn isle ers ersisioto ie a ystevatictsimorescjorsia,s OLK 5 7 4.5 
H 88 | Pulp, whole tomatoes; well washed and sorted....-. Ons 7 3 11 
i &9 | Pulp, skin and core; well washed and sorted ....... ORE 9 10 12 
H 90 Pulp, whole tomatoes; well washed and sorted..... ORK 5 4 5 
H 91 | Pulp, skin and core; well washed and sorted........ INO) EK 15 8 15 
11104 +=Pulp, whole tomatoes; tomatoes ran good and then | 

WAWVEEG SOTbCO spaces he anes cee cers cites cteiia orn oloie testes aie ORS 2 5 ry 
PTET Sig Beers Om eters See ee eiterc oe iiticiniare elaine Ae praia ma entetcls eiaeine Oo. K 2 5 7 
1279 | Pulp, whole tomatoes; stock poor (many decayed), 

but well washed and sorted.........-....-.-.---.- OFA 6 3 6 
IGTORS ences GO ear ae aciaee as besa tenon ewew se Auees ae One 6 14 12 
Sooo MmNVhole=-tomatoyp Wp ss -cies oaee cle ne elele eller cl since ine ORAS 7 33 2 
S 44 | Whole-tomato pulp from cyclone..........-..---.-- O. K. 18 16 2 
Meas ieee Oe Cth Res oeine AE eG inl ale Cen eae O. K. 13 21 | 12 
Sede lesen Oba emisiootee a isleiaia(crejareie nie ale aicinjelaista a seninveis cic neieie O. K. 8 17 22 
S 57 | Whcle-tomato pulp from cyclone; tomatoes sorted..) O. K. } 11 8 8 
SGO" odsse Oven eee coe ees Ea eee orate rab yeu & Sots Ome 8 12 6 
OZE tment DOE AeA eee ste Se Seed wide eared beeindiccemcmlaetien O. K. 12 8 6 
BROT cece LOM Rene elt OOM EER Rae edo Seon vce Dace Os KK 3 5 10 
S 68 | Whole-tomato pulp from finisher; tomatoes sorted..| O. K. 7 (*) 8 
S 70 | Whole-tomato pulp; tomatoes sorted............... O. K. 12 9 4 
S 76 | Whoie-tomato puree; tomatoes sorted..........--.- ORK 11 9 8 
3 77 | Whcle-tomato pulp; tomatoes sorted......-..------ OK 4 9 4 
Shim Ao mes Sere LON Sto as Seve ere ehcic ia rales crevsrereroie iets fete aim ayers ovane ORES 6 8 4 
Sa Sle sh ce LO ack eae ned Rice Peer seve te aes O. K. 15 10 6 
S 85 | Whcle-tomato puree from finisher.................. ORK 9 11 2 
5 87 | Whcle-tomato pulp; tomatoes sorted and wellwashed| O. K. 4 4 2 
Se isn Weasae COB ee ere Siri eae een e Syke arene severe ictetaiee aes ORK 3 Bi eee. 
3 95 | Whele-tomato pulp; tomatoes sorted..............- OK 6 6 4 
Se oe CLO ma Me as MAA SR RSS Decline otic sacasaie alapereraieeais OR Ke 6 5 8 
OOF acces CLO Ree a eee eee ree is teicle ala fuia a cia 2 aos ofamiste asec sity Ope 14 9 19 
3107 | Whole-tomato pulp; indifferent sorting............. Nu @) ae 4 10 10 
SRUOST eece. (OL OS GOSS S SEER SES ey att eee OMe eens OTLEY oe CO) Ge rr Eset Oy ee A 14 
3110 | Whole-tomato pulp; wellsorted...................- (Oz Ke 6 2 8 

17, analyzed by B. J. Howard; S, analyzed by C. H. Stephenson. 
20. K., good, or acceptable. 
3 Very few. 

Table 2 also serves to show that delay during the manufacture of 
pulp usually produces a rapid increase in the growth of organisms, 
noticeably yeasts and spores, or bacteria, or both, with the result 

that high counts are obtained for these organisms in the final product. 
This is well illustrated in Samples H 59, H 67, H 96a, and S 64. 

The absolute necessity of handling tomato products promptly in 
order to avoid secondary spoilage is shown in the case of Samples 
570 andS 78. Sample S 70 is the count on a sample of pulp freshly 
made, while Sample S 78 represents the same batch after standing 
24 hours. The counts are: 

S 70 S 78 

Piel ASRuUhintGlas;(pEliCent)): S27. s es Le ON le) 4 4 
Yeasts and spores (per 1/60 cmm) ......... Ra Ea oet A te SOS ity Re Leg Sates, ES 12 9 
Rec EOBE APEC EDC LICE A) eerie a2 ace eee feiss He rai) jaca dees Seaas tebe eoereg ce alee 9 218 
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Taste 2.—Analysis of pulp made from bad or questionable stock as determined by visual 
inspection. 

Sample.1 Description. 

oe ee 

os eset =for= =] ==] =- = = == =| | 

S 

H 98b 
H103a 
H 106a 

5 Tf 1082 

5H 109 

H110b 

Hi 1l3a 

H 114a 
Hi 273 

H 277 

Puree, sin and core; very little sorting. ........--.- 
Pulp, shinand core; poorly sorbed. :. 2-2-2 =.= 2 - =e - 
Pulp, sin and core; apparently well sorted but 

stock leit in barrels Saturday to Tuesday....--.-..- 
Puree, sin and core; fairly well sorted and made 
UD DROMRp thy. s 5 sau ck Re ee pee eileen mie 

Pu'p, stin and core; very imperfectly sorted, al- 
lowed to stand 3 or 4 hours before pulping...-..-.- 

Pulp, siin and core; very imperfectly sorted, al- 
lowed tostand 6 hours before pulping.........-.-.-- 

Pulp, s‘in and core; decayed condition, largely dry 
rob (aboratony: exsperiment)-—.-.-2-cee= eee eee 

Pulp, s)in-and core; indifferently sorted; allowed to 
stand 2 to 6 hours before pulping............------ 

Pulp, whoie tomatoes; fairly well sorted..........-- 
Pulp, whole tomatoes; fairly well sorted but open to 
CHEN some decayed tomatoessss 222-2 ese- see 

BE NGL een Cha Es eine hs Mus nal 2 a gl LA 
Pulp, whole tomatoes; sorting open to strong criti- 

ul, skin and core; sorting wholly inadequate...... 
step aia OEP es LoS ar Sea ae I eee ee a ad A AT RA 

eda Ee a yak Oe Ras oe eo aS des as 
Pulp, whole tomatoes; no sorting; washing not satis- 
PACT OR Sie Se es ON we ees Neale saya ee ele yea Settee 

Puip, whoie tomatoes (gravity method); not sorted; 
toomany, damaged tomatoes:a255-2+ 2 see. sess eee 

Pulp, sin and core; sorting not wholly satisfactory 
@otiprompthy;mad eniip)ses se eee eee ee 

Pulp, sin and core; prepared as 95a but left over 
DUGONH LOO) jorUyonwaves Suk Oo ek Se ie 

Pulp, sin and core; no sorting; bad conditions 
throughout; fairly prompt handling........-....-. 

Pulp, whole tomatoes; sorting unsatisfactory.-...--- 
Pulp, whole tomatoes; not sorted, acknowledged by 

manwiachwiTrercoO MCCGISOELIMP 45252044) eee ee 
Pulp, skin and core; net sorted; all refuse from 
LADLESHUISE CB alee nt nse p CSRS Bee ee a ce afore he a 

Pulp, skin and core; not sorted; all refuse from 
es from day’s accumulation Kept hot uatil 
DESEO Lee ieee arte ie MD Regen ene alls Oe ONG ear yhe CsI NCS eee 

Pulp, siin and core; all refuse with decayed parts 
HROMAbADLERUSe City Cie eyes ee a 

Pulp, skin and core; all refuse from tables used; 
product condemned by employees.....-......--.- 

Pulp, sin and core; all refuse from tables used; no 
S Out oe ya CRE ee oa La eRe Toe Ar ah Pn Rg 

Pulp, s*in and core; all refuse from table used; ob- 
(epclomalesmeae sie Ac arya ome mene 1 melee ee tet ar 

eet ond core pulp; tomatoes not sorted..........-- 

Tomato pulp from unsorted tomato peelings........ 
Whole-tomato pulp, after standing 20 hours........- 
Whole-tomato pulp, after standing 24 hours......... 
Tomato waste from sorting tables made into pulp... 
S'in and core pulp; no sorting of tomatoes........... 

Character 
from in- 
spection.? 

~Q 

CVO AC)! “OO AC! APMOOa O15 

MIMIC! = IACIe eo!" (Ee) le) 

\ 

Yeasts 
and 

spores. 

1H, analyzed by B. J. Howard; S, analy7ed by C. H. Stephenson. 
2, bad product from inspection of raw material; 7, doubtful or open to criticism. 
3 Very few. 
4™a’-en at same plant at different times the same day. 
5 Very little washing of tomatoes at start; were fairiy good, but some decayed. 

Bacteria. 

Million 
Per cent. 

18 
75 

1G 

2 
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BARREL PULP. 

Table 3 gives the counts obtained upon a number of samples of 
barrel pulp. The character of the stock from which these pulps were 
made is not known, beyond the fact that nearly all were skin and core 
pulps. The results, however, are of interest in comparison with the 
data in Tables 1 and 2. Table 3 brings out strongly the fact that in 
barrel stock the counts on yeasts and spores, and especially on bac- 
teria, are usually very high. It also serves to explain the counts 
obtained on catsup made from barrel stock. In two instances the 
visual inspection of the barrel stock left a doubt as to whether the 
product was suitable for use, but such cases are rare. Excluding 
these two from the calculation, the averages of the counts on the 
remainder of the samples in this series are: Molds in 48 per cent of 
the fields; yeasts and spores, 77 per 1/60 cmm; bacteria, 207,700,000 
perec. The results in this table prove the inadvisability of trying to 
use barrels for storing tomato pulp. 

TaBLE 3.—Analysis of pulp stored in barrels (condition of stock when made, not known.) 

Character 
fromin- | Yeasts Fields 

Sample. Description. spection and Bacteria.| with 
when spores. melds. 

opened.2 

Per 1/60 | Million 
: cmm. pen cc...\| Penicent. 

H 16 | Pulpin barrels, 7-9 months; odor of spoilage.....--- C 22 96 66 
H 17 | Pulpin barrels, 7-9 months; odor of spoilage; gas. - -| C 93 84 100 
H 20 | Pulp in barrels, 7-9 months; odor bad.............-- | C 160 408 50 
H 22] Pulp in barrels, 7-9 months; odor bad; gas-..-.-.... | C 52 1€8 98 
ENT Neen e COMO 2h aa SED a A Ge AL Ee C 52 320 98 
lat OSes OHO) esc) NE So tS Ta eS OB ESR ea ee C 122 340 33 
teh PO) eee ae CLO eee ea ee ener OUR ne ICM A SH Sl ay Heats ea) C 250 312 (3) 
H 382 | Pulp in barrels, 7-9 months; very strong odor; bad; 

CSPI BY PIC SSRN SL AUT US SS nA PAS BT a C 45 144 40 
H 33 | Pulpin barrels, 7-9 months; odor bad......./.....- Cc 42 264 50 
H 34! Pulp in barrels, 7-9 months; odor mild for barrel 

UD Reo e eer eer taiaeice waite ora lees cease Shee (®) 12 32 41 
isl Bh PED in barrels, 2 to 3 years; old; strong odor; skin 

UTC G OLE hee vat een space pate 2 SUI Utila RNR UA Chae ERA le C 70 216 50 
H 35] Pulpin barrels, 7-9 months; strong odor............ C 130 228 40 
H{ 37 | Pulp in barrels, 7-9 months; strong odor; skin and 

COT ERA PEG Gera SARL cH LN TR REIS GIL RUIN TN ak ey ea C 32) 192 50 
ash |peeee Desa Ete CANE ic POA an eters Rt et MMSE CRB ae Pe Aare C 21 180 33 
H 3) | Pulp in barrels, 7-9 months; odor of spoilage milder 

than usual; Who lerboriatOes/ alam ules anu C 10 120 14 
130 21) |[peaee Ley ey le ine ans ML Nola ADE SSL iets Aa eat C €7 132 (4) 
1a Doct a CLOM MRM RE emeretrhn need ta Se MEL La ety POE a Ag C 56 120 50 
H 46 | Pulp in barrels, 7-9 months; odor of spoilage milder 

than usual; one of the best seen ._..............-- () 15 29 | (6) 

1H, analyzed by B. J. Howard. 3 Few. 5 Doubtful or open to criticism. 
2C, bad product from inspection when opened. 4 Very few. 6 Not determined. 

CATSUP. 

The results of counts of catsups (Tables 4 and 5) show that a re- 
lationship similar to that found in the case of pulps exists between 
products made from acceptable stock and those from decayed ma- 
terial. The counts on the good stock catsups averaged: Molds in 9 
per cent of the fields; yeasts and spores, 11 per 1/60 cmm; bacteria, 
8,900,000 per cc. Table 5 includes some catsups made from stock of 
doubtful character in addition to those that were unquestionably 
bad. If the doubtful ones are excluded from the calculation and an 
average taken of the remainder, the folowing approximate figures 
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are obtained: Mold in 50 per cent of the fields; yeasts and spores, 
56 per 1/69 cmm; bacteria, 131,100,000 per cc. Attention should be 
called to the fact that the bacterial count was especially high because 
Sample H 284 was actively spoiling at the time of examination. 

TABLE 4.—Analysis of catsup made from stock approved by visual inspection. 

| i 

Character] Yeasts | | F Fields 
Sample.1 Description. fromin-| and | Bacteria. | with 

spection.2} spores. molds. 

| Per 1/60 | Million 
H77b| Catsup, whole tomatoes; sorted under personal | cmm. | perce. | Per cent. 

SUPERVISION 9... k he eee 8 a ene eae Re 12 | 12 a 12 
H102b} Catsup, whole tomatoes; well sorted; made up| | H 

PLOMP EN, Fane a eS see Ce es eae ho ee a SE 5 2. 5 | 13 
H1i07+| Catsup, whole tomatoes; well sorted..............-- [PO aKe 10 | io 9g 
H 272 | Catsup, whole tomatoes: apparently good method | 

CFIC IOLA oy STB Sal eek aN sha AY HOR Me! 15a]? oh ae 12 
H 278 | Catsup, whole tomatoes; poor stock, but well washed 

| rMISOred tee ee tee 5 Booey A ee heat Ngee | O. K. 10 | 12 | 14 
286 Hace: Ore ase hase es ee beh ee oi ae ek ee ee Qo K. 8 | frat! il 
151953 eee COE ye Ba eee eee EU crm eet REE CRN ne ORK 7 | ea 8 
H 283 | Catsup, whole tomatoes; tomatoes poor, many de- | 

cayed when received; but well wasued and sorted..| O.K. 19 | fo 14 
1ELOAY fl eseae CE ae Sep eee ee EOE te rhe An Sl eee | OBE 10 12 ii 
D288 |S 5s ORR ENT ee Nap eas ee Se oe eee ih A pe OSHS: 16 21 10 
S 3) | Catsup taken from filler; made from sorted tomatoes.| O.K. 12 16 12 
S 31 | Catsup, whole tomatoes; tomatoes poor; many dee | 

cayed when recei_ ed; but well washed andsorted... O. K. | 11 10 6 
Si46> | Whole tomatocatsitp ea2e eas te else os eee Or Kal 10 14 14 
S 58 | Finished whole tomato catsup...........--.-------- et OUsKe 12 |! 5 10 
ECS | eatsup sauce fOr Deans eee eee a eee ee i) -ORKe 11 9 6 
S €9 ; Finished whole tomato catsup; tomatoes sorted... .. | Omi 8 (3) 0 
Sao eee CG Be Sie ne eee EAP EES foe cee a ee Se ese | - OK | 6 3 16 
Sa Go eee SE is RE EON a rs ie sree ese OR Kal 14 8 6 
3) iy ene GOs Fa ear he SE See Food cae ae ee OK || 7 | a 4 
SusoN | sees GORE ES Sa ie es BE oh Ss os Enea ae On KS st 9 | 8 | 10 
S 20 | Whole tomato catsup; tomatoes sorted.......--.----| O.K. | 3 | 2 | 0 
SAGAS, eee Oe Se het ems Bee eee 2a year is ea Se eA QO. K. | 20 | - 6 | 6 
S ¢8 | pee LOE pS es eee ee a OPEC as 10 | CE 2 
1047) Sees CONE PARSE Rete LEE Sus Sa ae gels Jem a ORK 24 | 10. 16 
ns) dA) | | OR ae Ee EE eh a eee tae OnK | 14 IOs] 4 
SOG) eee LOR See ee ats oe AC LG peat Ba each Ae yet yem mie ate SieARE pe ODKE: 11 tSia me 8 

j | 

1H, analyzed by B. J. Howard: S, analyzed by C. H. Stephenson. 3 Very few. 
20. K., acceptable from inspection of raw material. 

TABLE 5.—Anzlysis of catsup made from bad or questionable stock as determined by visual 
inspection. 

| | Character} Yeasts | Fields 
Sample. | Description. from in- and Baeteria.| with 

spection.? i spores. molds. 

| | Per 1/60 | Million | 
H 71 | Catsup, s©in and core; poorly sorted; nct made up | | emm. perce. | Per rent. 

promptly; stock stood i-6 hours.-.-......-.-----=- Cc 89 240 | 21 
H 72¢e | Catsup,skin and core; pieces more or less decayed; | ! 

noe prompbly;madets a. settee ee Ee Po ees C 143 | 130 90 
H 76c_  Catsup, whele tomatoes; fairly wellsorted, but not | 

ak tullyespprovedsee tte <a eee Otag 2) ] 22 | 15 20 
H 8b | Catsup, whole tomatoes; fairly wellsorted, but not 

Sa ADDEOVEGs: ace Nc oes owe ee ete ee ee ee eee eee (3) 15 26 25 
H 81ib/| Catsup, whole tomatoes; sorting open to criticism; 

NOGECHCCHIGE tee ees ee ae eee eee eee (3) 20 | 24 34 
H 82b/| Catsup, wholetomatoes; sorting carelessly done and | | 

ANGMCCHIVE: sotak 36 woe oe See eae Baie eee eee S Cc 34 17 52 
FP S3b)| Sse. GOs is: SES. Sha SAS oe ee eee Cc 40 | 17 | 61 
H 103b | Catsup, whole tomatoes;imperfectly sorted; made, _ | 

Hp. promptly. 64. s2ss hs ase ea Ne eee eee (3) 13 | 12 | 37 
H 106b | Catsup, whole tomatoes; not sorted but needing it; 

made promptly, well washed sau 2 eer C 19 7 36 
H illic | Catsup, skin and core; conditions very bad, refuse j 

of e ery kind used without sorting; gravity | 
MC HORE SO ae see eee eee eee se eee C 5d | 91 | &L 

H 282 | Catsup, whole tomatoes; fairly well sorted and | 
WASHES. ).3. a see A eee ot (3) 15 35 16 

H 284 | Catsup, from barrel; vigorously fermenting. ....-.--- Cc 10 416 | 9 

1H, analyzed by B. J. Howard. 3In doubt and at least open to criticism. 
2 C, condemned in opinion of writers. 
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PRODUCTS MADE FROM PEELED STOCK. 

A few counts on chili sauce are given in Table 6. The tomatoes 
used for this were a poor grade and required extensive trimming to 
remove the decayed material. The counts indicate how well this 
work was being done and what may be regarded as the upper limit 
for products made from peeled stock such as is used in chili sauce 
manufacture. 

TABLE 6.—Analysis of chili sauce. 

Character} Yeasts Fields 
Sample. Description. from in- and Bacteria.| with 

: spection.2) spores. molds. 

| 
Per 160 Million 

72d | Poor raw material, welltrimmed. (Catsup No. 72¢ cmm. percc. | Per cent. 
madefrom trimming of these). s5--2.-.8.5-22422- O. K. 11 12 2: 

73a | Raw stock well sorted. (Trimmings made into 
OUTS ZIO) SEGA COA GOI Ses Ne Mee IS Cunae san amy ORK 4 2 (3 

73aa | Raw stock partly decayed, well trimmed........... O. K. 6 9 (4 
(Oda PE LONUSON’EAILOMATOCS seem sep tee eisees O. K. 1 5 2 
84d | Stock. (Peeled tomatoes from which trimmings 

ToMpUulprsschwasiohtalned) sees see eerie oe O. K. 6 5 9 

1 Analyses by B. J. Howard. 3 Nonein 58 fields. 
20. K., acceptable from inspection of raw material. 4 Nonein 39 fields. 

These figures are rather high for canned peeled tomatoes. Well 
handled stock usually gives very low counts. Fermented stock or 
reprocessed swells as a rule show a marked increase in organisms 
otherthanmolds. Moldsoccasionally develop, however, to a noticeable 
degree in sealed cans, although such instances are rare. One remark- 
able example of this character came to the notice of the bureau several 
years ago. A shipment of pulp in 5-gallon cans was condemned 
because masses of mold,some as large as a man’s head, were found in 
a number of cans. The size of many of the masses precluded any 
possibility of their having been present at the time the cans were filled. 

The bureau is sometimes asked whether it is advisable to sort raw 
stock intended for peeling, provided the trimmings are to be dis- 
earded. In answer to this question attention might be called to two 
or three of the chili sauce samples given in Table 6 and the products 
made from their trimmings. As commonly understood, chili sauce is 
made from peeled tomatoes handled as for canning. The skins, 
cores, and bad portions are supposed to be removed during peeling. 
Chili sauce, Sample 72d, was made from poor, rather badly decayed 
stock, which, however, was so well trimmed that it was acceptable. 
The same was true of the stock from which Sample 84d was made. 
The stock used for chili sauce, Sample 73a, while poor, was well 
sorted before bemg peeled. Although a comparison of these three 
samples shows the counts to be shghtly lower in the case of the sorted 
stock, on the whole the advantage gained scarcely justifies making 
sorting a requirement on general stock if the peeled tomatoes are the 
only portions to be used. In these particular cases, the trimmings 
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were used for other products. The followimg comparison of the 
counts on them is, therefore, of interest: 

Fields | Yeasts 
with and Bacteria. 
molds. | spores. 

Per 1/60 | Million 
Percent.| cmm., Per ce, 

Catsup made from trimmings of tomatoes peeled for 72d............ Ba od 90 143 3 
Pu!p from tzimmings of tomatoes peeled for 84d -_.-.............----5----- 109 63 €0 
Puip from trimmings of well-sorted tomatoes pee:ed for 73a...-.....-.---. 20 13 9 

The contrast between the character of the first two and the last 

is a good illustration of the counts obtained on such types of products 
handled as these were. 

RELATION BETWEEN PERCENTAGE OF ROT AND MICROSCOPICAL 
COUNTS. 

During the earlier investigations made upon tomato products the 
character of the stock was usually determined by means of visual 
inspection only. In later experiments the counts were made on 
products in which the amount of rot in the raw stock was determined 
by weight. These experiments were divided into two groups. One 
group of samples was prepared in the laboratory from stock of known 
character, while the other group consisted of inspected stock made 
in the factory. ‘‘Decayed”’ or ‘“‘rotten’’ stock is taken to mean 

-such portions as would appeal to the average intelligent housewife 
or consumer as being decayed or rotten and unfit or undesirable for 
food. For purposes of study of the molds the two groups are con- 
sidered separately. 

MOLD COUNTS. 

LABORATORY SAMPLES. 

In tests conducted in the laboratory the amount of rot in the whole 
tomato was determined by cutting out and weighing the decayed 
portion and calculating the percentage. These portions were then 
mixed and pulped by rubbing through a 20-mesh sieve. In a few 
cases this procedure was modified by pulping the good and bad por- 
tions separately and then mixing them in the proportions desired. 
Experience has shown, however, that such a pulp is usually not quite 
as satisfactory to work with as the products normally manufactured 
because it is somewhat difficult to produce in the laboratory a pulp 
of just the same texture as that made under good factory conditions. 
The experiments and counts are nevertheless incorporated in this 
bulletin, because when compared with the counts on pulp made under 
factory conditions they show that the same general relationship 
between the percentage of rot and counts is maintained. The 
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results obtained (Table 7) are tabulated in the order of increasing 

amounts of decay or rot present in the original stock. Samples 
containing 1 per cent or less of rot show low counts on each type of 
organism, while in those containing more than that amount one or 
another of the organisms usually runs higher than is the case in 
good stock. 

TaBLE 7.—Relation between percentage of rot and microscopical count on laboratory 
samples. 

Rot, by | Fields Yeasts | Rot, by} Fields | Yeasts 
Sample.| weisht, with and Bacteria. || Sample. | weight, with and Bacteria. 

in stock. | molds. | spores. | in stock.| molds. | spores. 

Per 1/60 | 2fillion | Per 1/60 | Million 
Per cent.| Per cent.| cmm. perce. || Per cent. | Per cent.| emm. per cc. 

1 Oe see 0 0 4 ll PHS lat 9.5 16 25 18 
Die eae 0 2 4 GSA bate hs 9.9 36 14 §3 
Sage he 0 0 9 SINNE2G eects otere 10.0 42 19 123 
4a Rhye 0 0 3 Bi lier sy sre eteaye 10.0 42 19 116 
iia Aer ae 0 2 4 SN ee oyehee aie 10.4 30 41 93 
Ghee Sa 0 0 3 DW OO siete trate = IY 6 68 87 
lee toe 0 0 2 Se Wea sane 12.4 54 23 34 
Sa Ose 0 0 3 PAM Pest apes a 13.8 32 35 32 
Oasis, 0 0 9 A 2 ae 15.0 57 22 197 

10R eRe 1 2 20 10) 35ee ee 18.0 20 31 29 
ih eee oe 1.8 0 20 28) Woon 19.1 66 9 223 
1 ee 2 8 27 S| Some). 20. 0 70 24 402 
Bie See 3 8 23 29 OS nee 20.0 63 22 366 
4eestes | 3.4 8 i Ba Bi doc ons 22 38 31 42 
ses Sees 4 16 35 DON osuee sta 23.6 50 34 101 
UGEe ee 5 22 38 UA Dasa se 24.3 74 12 
Wee 5e 5 4 28 Shy | AOA eee 31 42 37 49 
iS Desa a 5 22 20 Gon ia 40 64 34 £4 
TQ es 5.0 27 16 OA DUN Resa 50.9 64 36 60 
740 ee es Heo 12 12 PAS WEA asi 100. 0 98 210 396 
7a eee | 5p5 § 7 Onl GAA ee 100. 0 100 35 65 
22 is dere 0 6 CR ee cs 100.0 100 22 960 
23 eX). Ua 24 4 pay Ce Koen ee 100.0 98 103 860 

} 

No high mold count occurs in samples low in amount of rot (Table 
7). In some instances, however, low counts of mold were obtained 
in samples containing a substantial amount of rot. In such cases 
the decay was due principally to yeasts or bacteria, the count for 
one of which is usually high (Samples 18, 22, and 29). If, however, 
mold is the principal cause of decay, the counts on yeasts and bac- 

“teria are low (Samples 21 and 39). 
In Figure 1 the mold counts have been plotted as ordinates and 

the percentage of rot in the stock as abscissas. Having plotted on 
the chart the mold counts in Table 7, it is possible by connecting 
the outlying points to define the approximate limits of what may 
be called the ‘Zone of Possible Mold Counts.” From the chart it is 
seen that within this zone any count within certain limits may occur. 
In the writer’s experience no counts on laboratory samples beyond 
these limits have been observed. For instance, no laboratory sample 
with less than 5.5 per cent of rot gave a mold count of more than 50. 
In making the chart the zone beyond 24.3 per cent of rot is repre- 
sented on the basis of Samples 44 and 45, though the chart as drawn 
does not extend beyond the point of 30 per cent rot. 

4211°—Bull. 581—17——2 
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FACTORY SAMPLES. 

To obtain data on a practical manufacturing scale, tests under 
various factory conditions were conducted. In some of the plants 
the conditions were excellent, while in others they were highly objec- 
tionable. In making the tests the amount of decay was estimated 
or determined by weight as accurately as was practicable. With 
whole tomato stock it was usually customary to take a representa- 
tive sample of from 25 to 50 pounds from the stream of sorted and 
washed stock on its way to the breaking-up tanks or to the cyclones. 
Tach tomato in such a sample was inspected critically and the bad 
portions cut out and separated from the good portions. The parts 
thus separated were then weighed and the percentage of rotten or 
decayed material calculated. To estimate the amount of decay in 
the trimming pulps the amount of decayed material in the peeling 
stock was determined as in the case of the whole tomato stock. 
Since all the decayed material in the peeling stock is left in the 
trimmings, the percentage as determined on the scalded stock was 
multiplied by two. Although this may not be strictly accurate, it 
approximates the true figure nearly enough to be used as a practical 
working factor. It was adopted in calculating the data after tests 
had been. conducted in various plants to determine what proportion 
of the stock sent to the peelers is left in the trimmings. 

Field work performed during the last three seasons has demon- 
strated that with proper cquipment and factory management there 
is no excuse for the stock which is ready for the cyclone to contain 
over 1 per cent of decayed material. Any excess is traceable to 
some fault in the system or to improper management. 

Tas LE 8.—Relation between amount of rot and microscopical counts on tomato products, 
factory samples.} 

Average | Average | Average Average | Average | Average 
Da rot, by fields yeasts | Average Da rot, by fields yeasts | Average 

y- weight, with and bacteria. y- weight, with and bacteria. 
in stock.| molds. } spores. | in stock. | molds. | spores. 

Per 1/60 | Million Per 1/60 | Million 
Per cent. | Percent.| cmm. per cc. Per cent. | Per cent.| cmm. per cc. 

1 eee 0.2 5 ZA Lee Ori Ay 1.0 PAQ VANES ea ae Ate RUAN ee ah 
pe ee 0.2 CEL ei ee Spe Le A PPL Raea ae ei 13 4 6 
Seeeiteas 0.3 Ch eras a on So oe Pasa ant 1.4 WPS h eercreh Ae Seige Cease © 
CS oe 0.4 DS eels Saale vais eae 2 DA ee es 1.8 9 7 9 
Seen. 4 0.4 7 6 Qn ines ees 1.9 PME Aigo a LA lh 
Gime eiae: 5 0.5 B37 | (ee tet | aes ee araea 2G ara ate) == 2.0 AU Sn Re gins oa eget 
Reo crce 0.5 QE ess aa ee PA et Be eases 2.1 DAN Ee ah se oh AIBN ae 
GOGH & 0.5 7A NAN ee oe) Ca Same Sa cicishete 2.2 1G ui 22 Spice Bera eee 
ORR 0.5 11 3 Dale eyes lores 2.4 A oe eee eee el es Ee 

LON sot 0.6 PALM leer eetsea el | aye Meeee ea BOREAL ee 3.2 BOs She eal lees 
1 ey eae aS 0.8 16 4 Ob|lioleertersere 3.2 Ohi cers Eee Ses eee ree 
ee 0.8 24 8 IG) IGE rekon 3.8 38 13 14 
Gee 0.8 18 14 NO) We oeoe oes 3.8 Vile SSA | Fee aa TT 
ee 0.9 19 11 OF Rose ese 4.0 41 16 14 
ip eae 0.9 20 13 de WROD eee lore 4.0 GOu Rhea eae es 
Ne cae (2) io tert yes leper reenere SOnsoa oy 6.0 32 11 11 
g(a (2) 1 Veo a ae ai aD Vesta ke 7.8 cA SD Be Yap MY el a 
NS vn Shs 2 1.0 2 2 Ul Gliese eons 9.8 (OAS BeBe eee (mre ce 
NOE os rs 38 1.0 8 5 GR no Dee ase 20.0 87 64 156 
DOE Becca 1.0 Dt eal Ste eset rales 

1Summary of all determinations on similar products made on same day, 2 Under 1.0. 
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Table 8 summarizes 39 days’ work under factory conditions on the 
relation, between the amount of rot and the micrescopical counts. 
As in Table 7, the results are arranged in the order of the amount of 
decayed material in the original stock. Under factory conditions it 
is frequently difficult to trace a definite portion of raw stock through 
the whole process of manufacture, with any certainty that the final 
product is from the same stock, unmixed with other lots. It has 
therefore been considered advisable to average the daily results 
obtained on the amount of rot and compare them with corresponding 
daily averages on the microscopic tests. It might be stated in this 
connection that the results thus summarized in ‘Table 8 represent 
experiments conducted in 17 different factories and involve 179 
determinations of percentage by weight of rot in stock and 235 mold 
counts. 

Experience has shown that in factories where good, thorough wash- 
ing is employed and where promptness of handling is observed the 
mold count is of greater importance in judging the condition of the 
raw stock than the counts on the other organisms. High yeast and 
spore, and bacterial counts usually indicate secondary spoilage. In 
order to secure as large a mass of data as possible on the mold con- 
tent, complete counts for the other organisms were made in ouly a 
few cases during the field work of 1916. Hence the blanks in the 
table. A comparison of the field results shows that, as in the case 
of the laboratory tests, high mold counts were not found in the 
products made from stock which had been well handled and sorted. 

The results given in Table 8 emphasize two points also brought 
out in Table 7: First, none of the samples having 1 per cent or less 
of rot give excessively high microscopical counts; second, with in- 
creasing amounts of rot more or less increase in one or another of the 
microorganisms occurs. They also show that while a comparatively 
low count may not always indicate a product made from suitable 
stock, it is clearly demonstrated that a high count on any one or 
more of the three types of organisms indicates bad stock. It appears, 
then, that one weak spot in the micro-counting system is its failure 
to disclose some bad products which should be condemned. 

To facilitate the study, the mold counts given in Table 8 have been 
plotted graphically in Figure 2, in which the “Zone of Possible Mold 
Counts’ is indicated by the shaded portion. Attention should be 
called to the fact that beyond 20 per cent of rot the chart is plotted 
on the basis of the assumption that 100 per cent rot would give a 
mold count of 100 per cent of the fields. As a matter of fact, the 
mold count reaches this maximum of 100 per cent of the fields with 
less than this amount of rot, as will be seen by reference to the 
laboratory series. These high counts, while occurring occasionally in 
commercial samples, arenowrare. In the studies of the relationship 
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between, rot and count under factory conditions, 20 per cent of rot. 
was the highest on which the full data were secured. From 0 to $ 
per cent of rot the mold count rises sharply. Beyond 4 per cent the 
rate of rise gradually decreases, until after 20 per cent of rot the rate 
of increase is slow. On the whole, the zone was higher on factory 2 
than on laboratory samples. The chart shows that a count of 60 
per cent molds represents a rot content of not less than about 4 per 
cent. It is interesting to note that the mold count of 25, which was 
suggested as a factory working basis in 1911, represents at least 0.8 
to 0.9 per cent of rot. There may be more rot than that present, 
but, on the basis of the data at hand, it is highly improbable that it 
represents less than that amount. From the chart it is possible to 
calculate the approximate minimum percentage of decay represented 
by a given mold count. Thus, for instance, a mold count of 40 enters. 
the “‘Zone of Possible Mold Counts” at a point representing 2.2 per 
cent of decay. Therefore a count of 40 may be obtained in samples 
having any amount of rot between 2.2 and 100 per cent. 

SPORE AND YEAST COUNTS. 

As has been pointed out, such a degree of efficiency in washing and 
sorting may be maintained in good factory practice that the percent- 
age of decay in stock will be 1 per cent or less. With this in mind, an 
examination of Tables 7 and 8 shows that on samples contaming such 
amounts of objectionable material the counts on yeasts and spores 
are 20 or less per 1/60 cmm. In the majority of the samples the com- 
paratively low numbers of this type of organisms are noteworthy. 
This fact serves to emphasize what has already been stated, that high 
counts of these organisms are more frequently an indication of sec- 
ondary than of primary spoilage. Thus in the factory series of sam- 
ples (Table 8), which includes those having large amounts of decay, 
only one sample high in these organisms is found. In this case 
(Sample 39) it was trimming stock and was not made up as promptly 
as it should have been; consequently a certai amount of secondary 
spoilage had occurred. The estimate of 20 per cent rot is therefore 
under rather than over the true amount. All of the other factory 
samples were handled in such a way as to prevent appreciable sec- 
ondary spoilage. 

The combined results of yeast and spore counts, both on laboratory 
(Table 7) and factory tests (Table 8), have been plotted in Figure 3. 
Here it is seen that up to a count of 10 the results may be regarded 
as negligible. A count of 20 represents about 1 per cent of decay. 
From this point the rate of increase is slower. As in the case of 
molds, the rule that a moderately low yeast and spore count may 
not always indicate good stock but does indicate at least a certam 
amount of rot, holds good for this class of organisms. It is also 

| 
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shown that high counts invariably indicate bad stock. From the 
chart it appears then that a count of 35 yeasts and spores in a unit 
volume may indicate 4 per cent or more of decayed material. By 
connecting the outlying points in the chart, the upper limits of the 
‘Zone of Possible Yeast and Spore Counts’’ are obtained. The 
limit of the zone shown beyond 12 per cent of rot has been based on 
the count for laboratory Sample 46. From such a chart it is possible 
to calculate the minimum percentage of rot which a certain count 
represents. | 

BACTERIAL COUNTS. 

Considering now the counts of bacteria in Tables 7 and 8, it is 
found that.in the samples with 1 per cent or less of rot the count on 
bacteria is relatively low. With greater amounts of rot more bac- 
teria may be found, till in Sample 45 a count of nearly a billion was 
obtained. In this case there was also a maximum mold count (100 

per cent). Comparing the results in Table 7 with those in Table 8 
it is noted that the mold count runs up more rapidly im the factory 
than in the laboratory series. With yeasts and spores and with bac- 
teria, however, the reverse is true, that is, the counts mount more 
rapidly in the laboratory series. This is explained by the fact that 
in the laboratory series the tomatoes had not been subjected to the 
mechanical or factory method of washing, which results in eliminating 
much of the soft rot wherein these organisms are most abundant. 
The decay which resists this washing process is more commonly due 
to molds. The other organisms when present are usually, though 
not always, the result of secondary infection, and produce some of 
the very soft types of decay. 
The results of bacterial counts on the laboratory and factory sam- 

ples, tabulated in Tables 7 and 8, have been plotted in Figure 4. 
Below 15,000,000 bacteria the results indicate little as to the amount 
of decay, but above this pomt, up to about 20 per cent of rot, the 
ratio of increase as shown on the chart is about 20,000,000 for each 
per cent of rot. Beyond 20 per cent of rot the upper limit of the 
zone is based on the count on Sample 45 (Table 7). As in each of 
the other charts, the rule holds true here that a low bacterial count 
does not necessarily indicate sound stock, but a high bacterial count 
always indicates bad stock. 

MICROSCOPIC COUNTS ON TOMATO SAUCES AND PASTES. 

Tomato sauce and paste are practically the same kind of product 
* as tomato pulp, but concentrated to a much greater degree. Hitherto 
no opinion has been published by the Bureau of Chemistry concern- 
ing the microscopic counts obtained on the more highly concentrated 
tomato products, when handled in accordance with good factory 
practice. During the season of 1912 a study of these products was 
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made under factory conditions in Italy. These studies included 
investigation into the conditions of manufacture in each of the 
important tomato-producing sections of that country. In many of 
the factories experimental work was conducted. Tables 9 to 12 
have been compiled from the data thus collected. 

TABLE 9.— Analysis of Italian tomato pulp made from stock approved by visual inspection.+ 

| Fields 
Sample. Description. Bacieria.| with 

2 ! |} molds. 
H ' 

i460\ 3 
3 yd | 3fillion | 

| cmm. | per ce. | Per cert. 
519 | Fromireshly delivered tomatoes.................... Q): ic Z| 14 5 
Tu Py eee ee Cee a oe as eee ee ee ee O. K. 5 | 5 
SOs Eenneresty Gninikees oe 2 ie ee ao ee see OrKk 5 | (3) $ 
528a | From freshly delivered tomatoes................---- O. K. 5 10 li 
hy eee DASE ie of te RN Ir oes ens eee Sea ree 0. K. 5 | Z| is 
BoG: 3.25 22 Li ee NE ee eee te ee ee ae ep eee Se Ge 3 | 14 | s 
5303 f..-.- i Lt Se Se era A eee CRN ae ge oe ees Men eee QO. K. 87 7 | 9 
548a | Made under personal supervision from f-eshly de- | i 

livered tomatoes: washed but noé sorted__.......- O. K. 6 | 5 | 7 
552a | From ey Gelivered tomatoes; conitoiled ex- ' } 

perimeri; washed bat not soried...__....-.....-. Quer 16 10 4 
555a | From Seni) delis vered tomatoes: washed but not aoe | ; 5 

| SOTru 45s a ees se eee eo ce os - = i 5 ‘ 

596 | From approved iimmings; controlled factory test... O. K. =| 5 | i 
602 | Made under personal supervision from acceptable 

fTATICITI TL Cia BOSS OAS OE 9 es ee eee See O.K Ss 4} il 

i Analyses by B. J. Howard. 20. K_., acceptable irom inspection oi raw Material. 3 Very few. 

talian éomato pulp made from bed or questionable stoc= es 
determined by visi ual Seen 

| emm. perce. | Per cen. 
523 | Fromirimmingsnot made up promptly: fermenting a0 56 | 110 4 
50a | F zoe tomatoes stored in bin 48 hours 3 very sour | : 

andl in moldy; no washing or soriing____.........-..- c 253 96 6 
542 wan tomaices stored in bin about 54 hours: very i 

sour and moidy; no washing or sorting.......-.... Cc 335 132 100 
5432 j..--- Eng ee lee pt A Toe ee ahaa ates ae Be I Cc FID 115 20 
543a | From tomatoes stored in bin 3 or 4 days with SD per | 

} ) Genteresh gaiieipes oe. eee Se ae Cc 200 250 30 
546 | From tomatoessiored in bin 24 hours; in bad condi- 

Wer GRINTR RS ees ee ee eee Cc if 33 4 
+49 | From tomatoes washed and stored about 8 hours 

} an fans motaceeniable — oso aoe Cc 24 2 20 
55la | From tomatoes stored in baskets; sour and moldy-.- Cc 136 25 31 
533 | From tomatoesstoredin baskets 24to 48 hours: bad $ 

Sipsad hana Se heels 9 Sa Be a Cc 177 6o | 36 
558 | From tomaioes bin-stored, sour and moldy -......-- Cc 169 3 19 
573 | From irimmings, waste and bad tomaioes_-......-.-. Cc 163 72 47 
575 | From trimmings obiained from peeling tables; not ‘ 

Serene 20 eae Gaiy Bie POR evs ke eT Cc 131 38 8 
577 | From decayed tomatoes_- =. 2... 22-22-22 ke Cc 175 i2 0 
Tp aa ee (gs eee eo hE ee ee Cc 350 243 2 
a79 | From trimmings taken prompily from tables but 

| not of acceptable characier._...........---------- c 20 10 2 
580 | From trimmings allowed io siand 4 or 5 hours be- is as 
; | eiawe gailpaiags: 2 520242 as a Ta oe eee e 5 60 23 
592 | From trimmings from fresh tomat toes, but delayed J 

|) aaitipenpe 34 $s5 oS ie se eo eS Cc 31 45 19 
595 | From whole tomatoes: many decayed ...-.----.---- Cc a0 a) o 
Gi7 | From parily decayed stock. -__....-..-------------- C 110 30 2 
oe Vea: 7 i aC i Rk Pipe amelie Pad ARTE 2 Cc 170 25 3 

' 

i Analyses by B. J. Howard. 2 C, condemned; bad product from inspection of raw material. 
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Table 9, which gives the data on the unconcentrated juice, shows. 
that on acceptable stock, as determined from visual inspection, the 
counts were low, ranging no higher than on American stock. The 
average counts on these samples are: Molds, 8 per cent of the micro- 
scopic fields; yeasts and spores, 8 per 1/60 cmm.; bacteria, 7,500,000 
per ce. On the other hand, Table 10 shows the counts on unconcen- 
trated pulps from bad or questionable stock. In this case there is a 
marked increase in the number of organisms, especially of yeasts and 
spores and bacteria over that found to occur in sound stock. 
Hence it is reasonable to conclude that with proper control over 
the manufacturing processes Italian products should be fully equal 
to’ American products made under similar conditions. The fin- 
ished product is on an average 2 or 24 times more concentrated 

TaBLE 11.—Analysis of Italian tomato sauces made from acceptable or fairly acceptable 
stock.} 

| 
Character] Yeasts Fields 

Sample. Description. from. in- and Bacteria.| with 
spection.2} spores. molds. 

Per 1:60 | Million 
cmm. per cc. | Per cent: 

520 | I'rom freshly delivered tomatoes; madeup promptly} O.K. 24 12 15 
ES) le osee COs Be ASSES ee BEE aot eae ies nl ie sid test aN O. K. 25 38 18 
eI Wessse GUO) S ere BSS SIRs OHI ear Berens ican a ay et A Oke 4) 49 12 
DS 21m ees CBI) St ec area aD) Maen eS ap UR a ee eo EN O. K. 46 28 15 
SEG! Neasoe CSU Oya es tte UE AS ay Ot Me ea ches Ue ta en a NR O. K. 48 24 12 
GBI) lssede COS wise SEES SEO SoC 1k eau erat laa Maps api luae One 32 49 11 
539b | From freshly delivered tomatoes.................-- mee 46 23 14 
548b | From freshly delivered tomatoes; washed but not 

SontedrtairlyyeO0d(StOCKea-cecseee eee ee selene O.K. 51 Bil 22 
561 | Made under personal supervision from fresh toma: 

LOLS Sara oS OS ERIS CCIE CSE ISIC CHM EN alae ee tent STE ie ke 40 25 4 

1 Analysis by B. J. Howard. 20. K., acceptadle from inspection of raw material. 

than standard pulp. Table 11 shows that the molds do not exceed 
25 per cent of the fields, or the counts obtained on normal pulp. 
On good stock the upper limit for yeasts and spores appears to be 
about 50 per 1/60 cmm., while for bacteria it is about 40 million 
per cc. In other words, the mold count does not seem to be much 
higher than that on the pulp, while the increase in the count for 
yeasts, spores, and bacteria is more nearly proportional to the degree 
of concentration. Examination of counts on the sauces and pastes 
mace from objectionable stock as determined by visual inspection 
(Table 12) shows that as a class they run particularly high in yeasts 
and spores and bacteria and are also rather high in molds. The 
average of these counts, excluding the questionable samples, is: 
Molds, 57 per cent of the fields; yeasts and spores, 511 per 1/60 cmm.; 
bacteria, 285,300,000 per cc. The contrast between these counts 
and those in Table 11 shows clearly the effect of sanitary methods 
on the character of the product. 

Investigation showed the following to be the principal causes for 
high counts of microorganisms in tomato pastes: (a) Partly decayed 
stock imperfectly washed or sorted; (6) delay at some stage in the 
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manufacturing process, allowing secondary spoilage to occur; and 
(c) the use of ‘‘swells” or spoiled “‘half stock’’ (“‘ministrella”’). The 

particular condition causing the spoilage can sometimes be estab- 
lished in the finished product by microscopical examination. Sharp 
distinctions, however, can not at this stage of the investigations be 
drawn in every case. 

TaBLE 12.—Analysis of Italian tomato sauces made from bad or questionable stock as 
determined by visual inspection.* 

Character} Yeasts Fields 
Sample. . Description. from in- and Bacteria.| with 

° spection.2) spores. molds. 

| | : 
| Per 1/60 | A4iltion 

| cmm. | perce. | Per cen 
500 | From bin-stored tomatoesin bad condition.......--| C 1,120 | 466 
hob} Brom partlyidecayed SLOCK. 2555) a ene ee | C 843 | 233 65 
502 | From tomatoes not washed or sorted; of doubtful | 

GHaracler asso se pe ase aera eee ee eee ee ae (*) 114 | 92 | 24 
503 | From tomatoes not washed or sorted; not approved. C 315 | 230°} li 
516 | From tomatoes not approved..........-.-.--------- C 169 | 72 | 14 
517 | From freshly delivered, but not washed, tomatoes... (3) 54 | 30 | 3 
526 | From tomatoes stored in bin overnight; partly de- 

CGAY CG! So Rese tenn Se eons ciara Sire eA ee ee C | 440 | 290 | 38 
527 | Fromtomatoesheld overnight in bin; objectionable | | H 

CONGIGIONS ie oe ase ee meee eae ee ee Cc | 230 96 39 
534 | From tomatoes stored in bin overnight; partly de- 

Cary. Cdlee oii eee ee es ae Ue ao oon hee eas C 34) | 96 43 
540b | From tomatoes stored in bins from Saturday till 

Mondayc.badicondiions 3 2-- seee eee eee eee C S09 | 360 | 100 
545b | From tomatoes stored in bins 3 or 4 days; 50 per cent | 

oOfireshitoma toes add eds. 25. =e ene eae ee C 1, 200 700 60 
547 | From tomatoesstoredin bin 24hours; bad condition. € j 750 | 290 60 
550 | From tomatoes not approved because of handiing 

SVSUCHIC- GE oe Shs otis ea atten he Soe Semele Cc | 390 | 72 27 
551b | From basxet-stored tomatoes; rather sour and moldy Cc 709 115 | 56 
559 | From bin-stored tomatoes; sour and moldy_...-.--. C } 218 | 198 ! 31 
562a | From trimmings alloved to stand; bad condition... Cc 580 | 1, 250 | 72 
57404) Hom trimmings: bad GOUdIMON<=-~- 2255 ss sae C | 690 | 390 | 7 
5.6 | From trimmings and bad tomatoes -...-...---.....-- C 650 | 309 88 
586 | From partly decayed fomatoes. ~. 5... 22...2-- 2262 C 400 | 400 88 
597 | From tomatoes, many decayed ..--.--...----------- Cc 120 | 125 80 
5OS8p |-cace OBS eGR AEE Sabot oc BBE nee see tie er eee seee cee Cc 240 | 108 70 
GOO nee TED EE SETS 5 GUM aR ad aia gne ant ares Une Bea Peon 220 | 96 55 
601 | From objectionable trimmings.......-------- RS hirac 550 | 400 30 
604 7) -Nrom partly decayedistock=. <2 3 Uses tee | C | 375 | 200 54 

| 

1 Analyses by B. J. Howard. 3 Doubtful, or open to criticism. 
2 C, condemned; bad product from inspection of raw material. 

The influence of improper storage and handling of stock is illus- 
trated by two tests run the same day at one of the plants visited. 
Sample A was taken from tomatoes stored in a bin overnight and 
not sorted or washed before being made into sauce. Sample B was 
a sauce made at the same plant the same day as A but came from 
good stock promptly handled. 

Sample. | Mold | xe ast and | Bacterial 
count. pore count. count. 

\ 
A | 43 | 340 | 96 | 

24 | 
! 

| B 12 | 48 | 
‘ 

Thus it is seen that high counts on this class of products, as well as 
on those less concentrated, indicate bad stock or insanitary handling. 
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METHOD FOR MICROANALYSIS OF TOMATO PRODUCTS. 

Since the publication of Bureau of Chemistry Circular 68 no state- 
ment of the microscopical method used by the department has 
been issued. The bureau has received repeated requests for a 
restatement of the method, including more definite details of 
manipulation than were given in the circular. In 1915, after the 
method incorporating the most important of these details had been 
rewritten, the Association of Official Agricultural Chemists adopted 
it as a tentative method and published it November, 1916, in the 
Journal of the Association of Official Agricultural Chemists. At the 
meeting of the same association in November, 1916, a few minor 
changes were authorized. As it is uncertain when the association 
will publish the method in its amended form, permission has been 
eranted by the chairman of the Board of Editors of the Association 
of Official Agricultural Chemists to incorporate it here. 

491 APPARATUS. 

(a) Compound microscope-—Equipped with apochromatic objectives and compen- 
sating oculars, giving magnifications of approximately 90, 180, and 500 diameters. 
These magnifications can be obtained by the use of 16 and 8 mm Zeiss apochromatic 
objectives with X6 and X18 Zeiss compensating oculars, or their equivalents, such as 
the Spencer 16 and 8 mm apochromatic objectives with Spencer X10 and X20 com- 

pensating oculars, the drawtube of the microscope being adjusted as directed below. 
(6) Thoma-Zeiss blood counting cell.” 
(c) Howard mold counting cetl.—Constructed like a blood-counting cell but with 

the inner disk (which need not be ruled) about 19 mm in diameter.? 

501 MOLDS (TENTATIVE). 

Clean the special Howard cell so that Newton's rings are produced between the 
slide and the cover glass. Remove the cover and place, by means of a knife blade or 
scalpel, a small drop of the sample upon the central disk; spread the drop evenly over 
the disk and cover with the cover glass so as to give an even spread to the material. 
It is of the utmost importance that the drop be mixed thoroughly and spread evenly; 
otherwise the insoluble matter and consequently the molds are most abundant at the 
center of the drop. Squeezing out of the more liquid portions around the margin 
must be avoided. In a satisfactory mount Newton’s rings should be apparent when 
finally mounted and none of the liquid should be drawn across the moat and under 
the cover glass. 

Place the slide under the microscope and examine with a magnificaticn cf about 
90 diameters and with such adjustment that each field of view represents approxi- 
mately 1.5 sq. mm of area on the mount.? This area is of vital importance and may 
be obtained by adjusting the drawtube to the prcper length as determined by actual 
measurement of the field, a 16 mm Zeiss apochromatic objective with a Zeiss X6 
compensating ocular or a Spencer 16 mm apochromatic objective with a Spencer 
X10 compensating ocular, or their equivalents, being used to obtain the proper 
magnification. 

1 These numbers refer to the sections as given in the Journal of the Association of Official Chemists, 

November, 1916. 

2Comment by authors: In using these celis the plane parallel cover glasses furnished with them by 
maker should be used instead of the ordinary microscope cover glasses, since the latter are subject to 
curvatures that introduce errors in the thickness of the mounts. 

3 Comment by authors: In order to have an area of 1.5 sq. mm the diameter of the microscopic field 
should be 1.382 mm. This is determined by using a stage micron eter and adjusting the length of the 

microscope drawtube. Obviously after the proper drawtube length has been secured that adjustment. 
shculd be noted and always used in making mold counts. 
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Observe each field as to the presence or absence of mold filaments and note the 
result as positive or negative. Examine at least 50 fields, prepared from 2 or more 
mounts. No field should be considered positive unless the aggregate length of the 

filaments present exceeds approximately one-sixth of the diameter of the. field: 
Calculate the proportion of positive fields from the results of the examination of all 
the observed fields and report as percentage of fields containing mold filaments. 

511 YEASTS AND SPORES (TENTATIVE). 

Fill a graduated cylinder with water to the 20 cc mark, and then add the sample 
till the level of the mixture reaches the 30 cc mark. Close the graduate, or pour the 

contents into an Erlenmeyer flask, and shake the mixture vigorously 15 to 20 seconds. 

To facilitate thorough mixing the mixture should not fill more than thtee-fourths of 

the container in which the shaking is performed. For tomato sauce or pastes or 
products running very high in the number of organisms, or of heavy consistency, 
80 cc of water should be used with 10 cc or 10 grams of the sample. In the case of 

exceptionally thick or dry pastes it may be necessary to make an even greater dilution. 

Pour the mixture into a beaker. Thoroughly clean the Thoma-Zeiss counting cell 

so as to give good Newton’s rings. Stir thoroughly the contents of the beaker with 

a scalpel or knife blade, and then, after allowing to stand 3 to 5 seconds, remove a small 
drop and place upon the central disk of the Thoma-Zeiss counting cell and cover 
immediately with the cover glass, observing the same precautions in mounting the 
sample as given under 50. Allow the slide to stand not less than 10 minutes before 
beginning to make the count. Make the count with a magnification of about 180 

to obtain which the following combinations, or their equivalents, should be employed: 
8 mm Zeiss apochromatic objective with X6 Zeiss compensating ocular, or an 8 mm 
Spencer apochromatic objective with X10 Spencer compensating ocular with draw 
tube not extended. 

Count the number of yeasts and spores ? on one-half of the ruled squares on the 

disk (this amounts to counting the number in 8 of the blocks, each of which contains 
25 of the small ruled squares). The total number thus obtained equals the number 
of organisms in 1/60 cmm if a dilution of 1 part of the sample with 2 parts of water 
isused. Ifa dilution of 1 part of the sample with 8 parts of water is used the number 

must be multipied by 3. In making the counts the analyst should avoid counting 

an organism twice when it rests on a boundary line between 2 adjacent squares. 

521 BACTERIA (TENTATIVE). 

Estimate the bacteria from the mounted sample used in 51, but allow the sample 
to stand not less than 15 minutes after mounting before counting. Employ a magni- 
fication of about 500, which may be obtained by the use of an 8 mm Zeiss apochro- 
matic objective with an X18 Zeiss compensating ocular with draw tube not extended, 

or an 8 mm Spencer apochromatic objective with an X20 Spencer compensating ocular 
with a tube length of 190, or their equivalents. Count and record the number of 

bacteria in a small area consisting of 5 of the small-sized squares. Move the slide to 
another portion of the field and count the number on another similar area. Count 5 
such areas, preferably 1 from near each corner of the ruled portion of the slide and 1 

from near the center. Determine the average number of bacteria per area and mul- 
tiply by 2,400,000, which gives the number of bacteria per cc. Jia dilution of 1 part 
of the sample with 8 parts of water instead of 1 part of the sample with 2 parts 
of water is used in making up the sample, then the total count obtained as above 
must be multiplied by 7,200,000. Omit the micrococci type of bacteria in making 

the count. 

1 These numbers refer to the sections as given in the Journal of the Association of Official Chemists, 

November, 1916. 

2 Comment by authors: The organisms counted as “yeasts and spores” are the yeast cells, and yeast 

and mold spores, not bacteria spores. 
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EXPLANATION OF CALCULATIONS. 

Figure 5 has been prepared to make somewhat clearer the expla- 
nation of the areas denoting the yeast and spore and bacterial counts. 
The light lines in the figure show the arrangement of rulings cn the 
entire slide. The squares (A, A, etc.) and rectangles (B, B, etc.) 
designated in theefigure by the heavy lines indicate the portions used 
for the yeast and spore and for the bacterial counts, respectively. 
The 8 large squares, A, A, etc., are the squares used for yeast and 
spore counts. Each of these squares has 25 of the small squares. 
The sum of the organisms counted in the 8 squares marked A, A, 
etc., is the number in 1/60 cmm. if a dilution of one part of product 
to two parts of water is used. 

Yeast and spore count.—The ruled square on the slide is 1 mm on 
each side and the cell 
is1/10mmdeep. The 
volume of the ruled 
part is therefore 1/10 
emm. Theruledarea sede tot SHEGETH CRE HILRE Hat is divided into 16la>ge Sac Nicaea ta 
squares and the num- tetepdert ttt AHL TL bb 

: LSP ml mah Mad 

counted in 8 of these, Ti CIeetee ee tee ene eT al 
which is equivalent to Ht tid 7 oaetaee 

ff saheh oh fest psa ese Theatres 
B28 1/10) cram, (Or PEC Net 
1/20emm. If adilu- HOPE 

tion of one part of the ee eee etecee tees 
EDS Tn Ao 

Enisteris Goad VG of EAE Hae HAH ol water is used 1/30 . : ee eet : 1g ENE 0 ET a aH 
1/20 emm, or 1/50 : io ae nie He fee eae 

cmm as representing LS. LY nu B&B 
the actual amount of 

original stock in 
which organisms are 

taal Gane 1 Fic. 5. Diagram of Thoma rulings. One millimeter divided by lines 

courte pee Obtained. into 20 spaces in each direction, each space equaling 1/20mm. To 

Bacterial count. — facilitate counting, every fifth space is subdivided by a line throvgh 

The rectangles, B, B, ‘em? 
etc., each including 5 of the smallest squares, represent the areas, 
used in making the bacterial count. Similar rectangles of equal area 
might beselected, the object being to count 5such areas well distributed 
over the ruled portion of the slide. The average number of bacteria 
counted on 5 rectangles, such as B, B, etc., multiphed by 2.4 million, 

equals the number of bacteria percubic centimeter. Incalculating the 
bacteria, it is observed that there are 400 (20 x 20) small squares on 
the slide. "The number of bacteria in rectangles (B, B, etc.), each 
containing 5 of these small squares, are counted and an average made. 
This average represents the bacteria in 1/80 of the total ruled area. 
Since the cell is 1/10 mm deep, the volume represented by the organ- 
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isms counted is 1/80X1/10, or 1/800 emm: With the usual dilution 
of one part of product to two parts of water the actual volume in 
which the number of organisms is determined is 1/3 of 1/800 emm or 

1 
1/2400 cmm, or 2,400,000 CE: 

SUMMARY. 

Tomato products promptly made from stock judged acceptable by 
visual inspection never show high counts of microorganisms. Simi- 
larly, products made from stock obviously not good or from stock 
improperly handled usually show high counts. It may therefore be 
assumed that high counts of organisms in such products indicate 
unmistakably that the stock used was in bad condition or was han- 
dled in an insanitary manner during manufacture. 

It was found that tomato pulp stored in barrels usually gave high 
microscopical counts; hence it would seem inadvisable to use barrels 
for storing the product. 

Field work performed during the past three seasons has proved that 
with proper equipment and factory management there is no reason for 
stockready for the cyclone to contain over 1 per cent of decayed material. 

In factories where the stock is properly handled the mold count is 

of greater importance than the counts on the other organisms in 
judging the condition of the raw stock. High counts of yeasts and 
spores, and bacteria are more frequently an indication of secondary 

than of primary spoilage. A low mold, yeast and spore, or bacterial 
count does not necessarily indicate sound stock, but a high count in any 
of these organisms always indicates bad stock or improper handling. 

It was found that of the samples made in the laboratory none with 
less than 5.5 per cent of rot gave a mold count of more than 50. 
In the case of the factory samples the mold count rises sharply from 
0 to 1/2 per cent of rot. - Beyond 1/2 per cent the rate of rise grad- 
ually decreases, until after 20 per cent of rot the rate of increace is 
slow. A mold count of 40 may be obtained in samples having any 
amount of rot between 2.2 and 100 per cent. 
A yeast and spore count of 20 represents about 1 per cent of decay. 

From this point the rate of increase is slow. 
A bacterial count below 15,000,000 indicates little as to the amount 

of decay. Beyond this point, however, up to 20 per cent of rot the 
rate of increase is about 20,000,000 for each per cent of rot. 

An investigation of the manufacture of tomato sauces and pastes 
in Italy showed that Italian products should be equal to American 
products made under similar conditions. The mold count for the 
concentrated products was found to be about the same as that for 
pulp, and the yeast and spore and bacterial counts to be proportional 
to the degree of concentration. Sauces and pastes made from objec- 
tionable material run particularly high in yeasts, spores, and bae- 
teria. High counts on this class of products, then, indicate bad stock 
or insanitary handling. 

O 
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