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Th e Discoloration of Ganned Lobs ter . 

By A. Stanley Cook 

Preliminary Experiments. 

The blue black discoloration which frequently occurs 
in canned lobster has been the subjec t of severa l investi-
gations. As this previous work has been dis cuss ed by 
Reed and MacLeod (1) in connection wi t h their ovm study of 
t he problem, t here is no nec e ss ity for discussing it any 
further here . Reed and MacLeod demonstrated clearly tha t 
the principle if not t he only cause of lobster discolora-
tion, is bacter i a l acti on prior to steriliza tion of the 
c ans . The y re c ommend tha t no more than four hour s be al-
lowed to elapse be t ween boiling the live lobsters and 
s t erilizing the cans and t ha t none but live l obsters should 
be canned . 

The fol l ov1i ng experiments were conducted at the sug-
gestion of Dr. Leim i n t he endeavour t o throw some light on 
the follo wi ng questi ons . 

(1 ) Does a ny change affe cting the discoloration take 
place in t he composition of lobster muscle, during the gra-
dual loss of v italitr by the l obster but before it is actu-
ally dead as judged by t he prac tical method of pr odd ing? 

(2) Since in canneries it is of ten i mpossible to deal 
with all the lobsters on hand within four hours, is it ad-
visable to boil t h em a nd t he n hold them on ic e or is it better 
to attempt t o keep them a li ve until they can be processed? 

I t should be mentioned a t the start that the few experi-
ment s reported here ca n only be taken as pointers to further 
r e search, it be i n, impossible i n the space of two months t o 
vork out definite answers to bo th the se questions. Also an 
experimental answer t o qu estion (2 ) to be valid should be on 
a fact or y scal e . 
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I 

The first experiments we re perf ormed on perfectly fresh 
lobster muscle with a view to find ing if any fr ee volatile sul-
phur exists in the lobster muscle and t o give a leader for choos-
ing an anal ytical method . 

Experiment I 

A. The tail was broken off of the live lobster, meat dis-
sected out and passed through a mincer. 10 gm . samples of this 
were aerated in the presence of a buffer of pH5 (about) for 30 
minuteso Caprylic alcohol was used as ant ifoam and saturated 
lead ace t ate solution to catch the The apparatus was the 
ordina r y Van Slyke-Cullen urea apparatus. At the end of 30 
minutes t he lead ace t ate soluti on was filtered through a small 
filter paper and the paper spread out and. examined f or blacken-
ing. 

16 . 7 
18 .71 
18.72 
25.7 

- ǁAl condition Sodium acetate - acetic acid buffer- No blackening. 
2 .gms . potassium ac id phosphate " " it ♀A1 li 

ǁAl li " " Tl " " " Tl 

- ǀDead " lT " lT " " "

B. The same procedure was used except that the 10 gms. of 
minced tail meat wer e steam distilled with 2 gms . for 10 
minutes. The distillate was c ollected as before in lead ac etate 
solution, filter ed and. the f ilter paper examined. 

17 .7 - ♀ condition Al 
18 . 71 - ♀ " Al 

Distilled 15 mins . - Distinct blaclcening X 
" 10 " " 11 X 

18.72 - ô " Al " 1 0 " lT TT XX 

C. In the se experiments the lobs t er s were first bo ile d 
for 10 minutes and when cool treated the same as A or B. In 
two case s t he distillati on was continued for a longer time and 
successive portions of t he distillatt e c ollec ted in fr.esh lead 
ac e tate solution. 

"

21.71 ♀ condition Al Steam distilled and distillate coll ected for 
succ essive 10 min . periods. 
lst Period. - Distinct blackening XX 
2nd. " " TT X 

21 . 71 ♀ " " Aerated 30 minut es - No blackening. 

two 
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21 . 72 ǁ condition Al Steam distilled 20 min ., 10 min . , and 
10 min . 
lst period - Distinct blackening XX 
2nd " - Trace 
3rd " Distinct blackening X 

21 . 72 ǁ " Tl Aerated 30 min . - No blackening. 

Discussion: The inferencES drawn from these experiments were: 
1 . There is no free volatile sulphur present in fresh raw 

lobster tail meat . 

2 . There is present a l abile sulphur group which is re -
moved by steam distillation . Removal is not complete 
i n 40 minute s . 

3 . Previous boiling of the lob ster by dropping it into 
boiling water and. l eaving i t there 10 minutes does not 
appreci ably i ncrease the amount of sulphur removed.. . 

4 . There is no pronounced d.ifference between male and. 
female l obsters in the amount of vo.latile sulphur 
given off . 

The preceding exeriments wer e only qualitative and very 
rough . It was desired to find a suitable micro analytical 
method which would d.etect slight change s in volatile sulphur 
evolved. . The me thod first trie d was that of I . St. Lorant 
(2) which is designed for t he micro estimation of sulphur in 
blood . Thi s method is extrernely sensit:;_ve and depends on the 
formation of methylene blue when hydrogen sulphide reacts wi th 
p-phenelene diamine. ln the original me thod. all sul:phur com-
pounds are reduced to by hydriodic acid in a special ap-
paratus and. the i s passed into a zinc solution where i t is 
trapped, .. reagents .for colour development be ing added. la ter . 
In adapting this method to t his problem, the distillate from 
the lobs t er muscle was trapped in the zinc solution in the 
special cylinder prescribed and after cooling, the reagents 
for c olour development were adde d exactly as in the or i ginal 
met hod . The detailed pr oce durc is a s follows: 

Sulphur compounds are r e duced to hyd.rogen sulphide by 
means of an acid mixture (HI Formic + Phosphoric) . The 
liberated is d.istil l ed into 20 cc . zinc acetate solution 
in a glass stoppered 50 cc . gradua te . The cylinder is .filled 
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to the 35 cc. mark with distill e d water . 7 . 5 cc . reagent 
solution are added with a pipette, spee ding up the delivery 
by b l owing through the pipette . The cylinder is quickly re 
stoppered and shaken several times slowly . The resulting re d 
colour fades in a few seconds and the methylene llue appears 
simultaneously . In 5 - 10 minutes the colour reaches its 
maximal intensity and is staèle for a day. After one hour , 
one cc . alcohol is added, the contents filled to the 50 cc . 
mark and the colour compared in a Dubosq c olorimeter with that 
of a standard soluti on . 

The apparatus and reagents neccssary for the determination 
of sulphatcs e tc . ty this method a.re described in the original 
paper. For sulphide estimation only the following are neces -
sary : 

1 . Zinc solution - 50 gm . zinc acetate , 10 gm. sod i um ace-
tate , and 0.05 gm . sodium c hl cride (all three Merck's a nalyzed ) 
are diss olve d in pure distilled water in a one liter volumetr i c 
flask , although this solution tec omes turbid on standing f or a 
short time, it is neverthele ss serviceable. 

2 . Reagent soluticn - 1 gm . dimethyl-p-phenelene diamine 
sulphate (Merck) is transferre d to a 2 - li tre volumetric flask 
with 100 Gc . water and treatod with 400 cc . purost c r ncentrated 
sulphuric acid of sp. gr. 1 . 71 . Cool while mixing . The flask 
is then fille d t e t he mark wi th wate r . Cool while mixing . The 
colourlcss solution is stable for a n unlimit e d time . 

3 . Iron solution - 25 gm . f Grric ammonium sulphate (Merck t s 
analyzcd) is trcat e d with 5 cc . purest c onc . sulphuric acid sp. gr . 
1 . 71 and the whole made up t o 200 cc . in a volumetric flask . 

4 . Methyl r e d solution - A. s olution : lOO mg. oethyl rcd 
(Merck's analyzed) dissolved in absolute a lc oh ül in 100 CC. volu-
metric flask. 

B. SolScluti on : 1 cc . s ol . A dissGlved in abs olute alcohol 
in 100 cc . volumetric flask. 

5. Methylene blue solution - 46 . 7 mg . purest methylene blue 
(Merck 's analyzed ) dissolved in distilled water and made up to 
1000 cc . 

6. Standard solution - 20 cc . zinc soluti on , 7 . 5 cc . re -
agent solution, 2 cc, iron solu ti on, 1 cc . methyl red B s olution 
and 5 cc . methylene lue. solution made up to 50 cc . in a 50 cc . 
measuring flask with dist illed water and l et stand 5 - 10 minutes. 
The t es t solution is serviceable f or 24 h c,urs . 
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Note : 5 cc . H2so4 sp. gr . 1 . 71 = 3 . 89 cc . H2so4 sp. gr . 1 . 845 

Calculation -
V where 

25 y 

x= Sulphur present in mic rograms . 
z = 1 . 455 (x/z = actual amt . of S taking part in Garius re-

ac tion) 
k = micro-grams methylene blue in 50 cc . test solution . 
y = readlng of colori me t e r with test soluti on set at 20. 
v = volume to which the r eac tion mixture is made up for the 

comparison. 
For blood work a convenient value for k is 200. 
then simplifies to x = 11 . 6 y . 

The eq_uation 

A. 30.73 ♂ Condition Al . Distilled 10 minutes into 20 cc . 
zinc s olution . On additi on of colour reagents a light 
tlue colour devoloped but comparison with the standard 
was impossible because t he latter was too dark and had 
less of a yellow tinge than the unknown . 
30.71 ǁ Conditi on 1 - stood overnight in flask with buffer 
solution. Distilled 10 minutes in zinc solution then 
10 minutes more into fresh solution . 
1 st period . Light blue co lour . 2nd per iod . Slightly 
darker than lst . The same difficulty in comparison 
applied to both these also . 

B. This time a standard was prepared containing only 1 cc . 
of methylene blue and no methyl red and compared with 
t he previous distillato . The depth of blue was slight-
ly lighter than tLe unknown but of the same order . 
There was still more yel l ow i n t he unknown . 
Another_ standard was prepared this time from hydrogen 
sulphide gas . The gas was passed from a Kipp genorator 
into s odium hydroxide solution and the latter diluted 
until approximat el y the des ired strength . This gave the 
best match with the unlmown that hacl 1:een obtained so far 
but it also did n ot contain as much yellow as the unknown . 

C. Although unable t o obtain a oomparison with a known stan-
dard and t hus got q_uantitative results by this method , it 
was decided t o compare successive 10 minute distillate s 
one with another and so ascer t ain the regularity of the 
production of volatile sulphide . 
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4 . 8 - kept a l ive on i ce 18 hou r s , t oiled a f t er dea t h and kep t 
i n r efrige r a t or 3 days , 20 gms . t ai l meat was steam distill ed 
with 10 gms . f or succ e ss i ve 10 minu t e peri ods i n t o fr es h 
zinc s olution each time . At t he end of t he experiment t he c on-
tents of t he distil1 ing f l aslc were p ink t o me thyl red. 

The r eagent s f or c ol ou r development we r e a dded t o each 
distilla t e and the col our compared wi th that of the f irst dis -
tilla t e in a Dubosq colorimeter. 

Sample Standard Reading of Re marks se t at (No 1) Unknown . 
' 

2 30 32 The comparison was not 
3 30 35 easy . Ther e s eeme d t o 
4 30 32 be l ess ye llow in No . 1 
5 30 40 t h an in su cceeding distil -
6 30 39 l a t e . 

Discussion: 
l. The St. Lor ant me thcd i s not suitab l e f e r direct de t er-

mina ti on of volati l e sulphur in lobster di s tilla t e s 
wi th ou t modi f i ca t i c: n . Probably some other c on s ti tu-
ent of the dist illa t e is influ encing the c ol onr develop-
ment . I n the published acc cunt cf the me thod t her e 

i s s ome doubt l eft as to wha t dye i s use d along with 
methylene blue in making up the standard . The author 
s t at e s that it i s methyl r e d but i n t he t he ore tical 
discussion of t he De t hod g i ve s a f or mula of the dye in 
question which is ne t tha t of ord inar y me thyl r ed or of 
any o t he r dye lmc wn to the wr i t er . 

2 . The vol a tile sulphide is g i ven off con tinu ou sly in s t eam 
distill ati on and at a r cu gh l y constant rate. 

Experiment 3 

Fail i ng to ge t satisf a ctcr y results wi th t he c ol curi-
me t r i c rne thod, i t wa s decide d t e try the l ead su l phide s t a in 
of Dr ushe l an d El s t cn (3 ) . 
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A. A s et of standar d sta ins were prepared as f ollows: 
A s oluti cn cf sodium sulphide was made by passing hydr c-
gen sulphide from a Kipp generator into sodium hydro-
xide solution. It was standardi zed by titrati on wi th 
an i odine sc lutir n which v1as itself standardized against 
a kncvm thiosulphate solution. 
1 cc . thiosulphate 0.01401 gm . r2 = 8 . 85 ec. i odine 
solution. 
Therefore 1 cc . iodine solution : 0.20 mg . sulphur. 
Now 1 cc . solution = 5.41 cc . iodine s olution . 
Therefore , 1 cc . solution (A) = 1.082 mg . sulphur. 
1 cc . solut ion diluted 100 cc . = solution B. 

From these two solutions standard stains were prepared by 
using the following amounts. 

1 cc . solution A -- 1 mg . sulphur 
0.5cc. Tl A 0.5 " Il 

0.25 cc. . 0.25" Il A
10.0 cc . " B 0.1 " 11 = 

5. cc . " B = 0.05" "

3. cc. " B = 0.03" Il 

1. cc . " B 0.01" "= 0.9 cc . " B - 0.009" Il -0.7 cc . " B 0.007" "
=

0.5 cc . B = 0.005" 

0.3 cc . " B - 0.003" "-
0.1 cc . " R - 0.001" Tl -

This s e t of standards was permanent and t he unknown 
sta ins were compared with them. 

B. The amcunt of evolvecl by s t eam distilling lobsters 
in vari ous conditions was t hen determined. 10 gms. of 
the raw minced_ tail meat was steam distilled wi th 10 gms. 

and water for 10 minutes and the distillate 
caught in 10 cc . zinc solution (same as used in colori -
metric method). The l ead. sulphide stain was prepared by 
acidifying the clistillate in t he usual way and the depth 
of sta in compared wi th the s t andard . The delivery tube 
of the distilling apparatus had a cletachatle tip 6Tl long 
which was transferred with the clistillatc to the flask 
of the staining apparatus. 
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No . Scx Weight Conditions Volatile  Time of Remarks 
gm. S. mg. Dist. 1 

26 . 81 ǀ 172 A 1 0.01 10 -
26 . 82 ǀ 289 A 1 0.015 10 -
26 . 83 ǀ 239 A 1 0.025 10 Frothed 
26 . 84 ǀ 1050 A 1 0.01 10 -
26 . 85 ♂ 736 A 1 0.008 10 -

8 . 91 ♀ 298 Dea d 8 hrs . 1ost - -
8 . 92 ǁ 498 Dead - -

14 . 8 ǁ Dying 0.02 10 Boiled -
8 . 93 ♀ 484 Dying 0.007 10 -
8 . 94 ǀ 385 Alive but 0.003 10 48 hrs. in 

_ _ poor condition ice box 

Bl a nk on 10 gms. 0.002 15 -
" " 10 lT " " 0.0015 10 -
" il 10 " n J1  0.. 2 gm. 0 . 1 5 10 -

cystoino hydrochloride 

Discussion: 
No .significant diffc r ence was found between live , vig orous 

lob 2t e r s , and those which h a ving been kept on ice 48 hours , were 
about a t the point of death. 

The average amount of S c vo lved by 10 minutes distilla tion 
of p erfc ctly fr c sh , raw lobst er t ail o e a t was 0.014. 

Tho blank determination on t h e reagents was only 0.0015 for 
10 minutes. Cysteine also gives off gradually on steam 
distilla tion but fr cc cysteine i s not considered to be present 
in muscle in any appreciable amount. 

Thore are present , ho wever, other c ompounds containing the 
l ab ile SH group . This point will be discusscd. later . 

C In this experiment distillation was carrie d. on for 10 minutes 
into zinc solution, then for 1 h ou r i n to lead acetate solu-
tion , thc n 10 minutes i nto zinc solu ti on then anotho r h our in-
to load acotate solut i on . 
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No Sex Condition Sample Time of Dist . Vol. S. Remarks 
mins. mg. 

13 . 8 ~ Caught 12.30pm. 1 10 0.02 zinc sol-
Boiled 3.30 l ut ion 
Distilled 10.30" 2 60 0.05 " 3 10 0.025 zinc "

4 60 0.150 "

From the abovc tho average evolutions of S in 10 minutes is 
0.018 which i s fairly close to the amount found for the t wo 
10 min. periods above viz. 0.02 and 0.025 mg. The is 
therefor e , given off continuously at a ncarly constant rate 
for 2-1/3 hours . How long this continuos was not deter mined 
a s it was not considered necessar y to carry on tho steam dis-
tilla tion for longer periods. 

D. The following experiment was done to find out if the sub-
stance causing tho e volution of could be r emove d by 
washing with absolu te a l e ohol. A 10 gm. minced sample ( 1) 
of tail meat from t he same lobstcr 13 . 8 was transforred 
to a Kjeldahl flask and 250 cc . abs olute a lcohol adde d . 
Another similar sampl e (2) was macer a t ed in a mortar with 
absolute a lcohol until finoly pulverized and transferrod 
to a Kjeldahl flask with absolu t e alcohol to a total of 
250 cc . Both flasks were allowed to stand in the fr ee zer 
at 0° for eight days . On r emoval sample (1) was steam 
distilled with 10 gms. and t he distillate collec t -
ed in fr ac tions . Sample (2) was filtered , t he r e sidue 
washed t wico with absolu te alcoho l a nd aftcr draining the 
residue was returned to the flask and steam disti l l ed in 
t he same way as sample (1) . 

No Sex Sample Time of Dist. Vol . S. Remarks 
mins. mg. 

13 . 8 ♀ (1)(a) 5 0.25 
b 5 0.05 

(c) until a l coho l 
ncar l y all 0.5 
distilled over 

(d l 10 0.004 
( 2) ( a) 10 0.5 

(bJ 10 0.075 
! ( c) 60 0.3 l ead ace tate solution ( d ) 10 l 0.04 j 
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At the conclusion of the expcriment the pH of the content s 
of the distillinb flasks were (1) 4 .6 ( 2 ) 5 . 3 . . . 

])iscuss ion: 
The t wo s e ts of r osults above paralle l each other a lthough 

t hey. do no t coincide , owing to the difference in the rate .of dis -
t illation of an a lcoh olic and an ag_ue ous . su spension. It i s de-
fini tely shown that such an a lcohol extrac tion doos not remove 
the producing substance i n the l obstcr musc l e . 

E . Th e tail portion of two live male l obsters weighing 665 
and 595 gms. respectively were minced and thoroughly mixe d. 
10 gm. samples were weighed ou t and steam distille d af t er 
being treat od as fo llows : 

( 1) No troa tment. 
( 2 ) Added 88 cc . water and 2 cc . 50% trichloracetic. Lot 

stand 30 mins. filtered and washed precipitate onc e . 
Distillod. precipitate (a ) and filtra te ( b) . 

( 3 ) Added 80 cc . water, 5 cc . 10% sodium tungstate and 
5 cc . 2N sulphuric. Let stand 30 minutes, fi l tcred 
and washed once . Precipitate (a ) filtrate (b). 

( 4) Added 90 cc . wat r and o xcess sodium chloride . Lot 
stand i n free ze r ovcr night. Filt er ed . ])istilled 
r es idue (a) and f i ltrat e (b). 
(5 ) and (6 are blan1s on the reagent used in (2 ) and 
( 3) • 

No Sex Condition Sample ' Time of ])ist . Amt. Remarks 
mins. 

4 . 9 ǁ A1 1 10 0. 01 mg. -
2(a) 10 0.03 -

( b ) 10 0.004 -
5 10 0.001 -
3 (a ) 10 0.01 -

( b ) 10 0.005 -
6 10 0.001 -

J 

4 ( a ) 10 - -
i ( b) 10 0.005 - i i' 

The above figures arc not as decisi ve as could bo desirod. 
I t would be ex:pccted that i f the producing substanc is non-
protein i n nature that tho partition of vol . S betwee n precipitate 
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a nd filtra t e would be in favour of the l a tter, whereas if i t is 
a protein, there would be no vo 1. S given off by the fi ltra te 
except tha t due to the impurit y of the r e agents . In the above 
experiment whi l e some produc ing sut.stance has passed into 
the fil tra te the major portion still remains in the protein 
precipitate. This c ould be accounted for in two ways : (l) In-
complete extraction of a non-protein producing substanc e or 
(2) Presence of more than one such substanc e one of which is 
non-protein and the othe r protein. The experimental evidence 
is very insuffic i ent to bear out either of these conclusions . 

II 
Canning Experi1:1ents 

These experiments were c onduc t ed in collaboration wi th 
Mr. Ernest He ss who perfor1::.e d. the canni ng . The object was to 
ascer t a in whe ther a ny difference could be observed between lob-
sters held al i vc until canning and those which were bo ile d 
immediately and then held until canning. 

1. 24 lbs. of fresh live lobsters were divide d into two lots: 
A. - 12 lbs . boilod immediatt e ly f or 1 5 mins. a nd canned 
after standing i n t he c old. room (temp. a bout 15°C) for 
various t ime intervals. 
B - 12 lbs . were kept a livè in the cold room and samples 
t ake n for canning at various time inte rva ls corresponding 
to tho se of lot A. 
Each sample was boilcd for 15 mins. immediatt c ly be fore 
canning. 

The aoount of volatile sulphur given off by steam distilling 
wi th 10 gms. for 10 r . mins. into zinc solution was 
determined f or each sample on the bôile d t a il meat a t the 
time o:f canning. The cans were kept for 26 days at room 
temperature and then opened. The .. insides of the tins 
wer e examined for blackening and the meat for discolora-
tion. A portion of tail meat from each can was then 
ground. up, 10 gms. transferr ed to a distillation flask, 
distille d as be for e 10 mins. with and. PbS stains 
prepared. 

Plain ı l b . tin c a ns were used. The meat wrapped in paper 
a nd. a few c c . of br ine a dde d to each can . The cans were 
then se a l e d and sterilize d. for 35 mins. in a n autoclave at 
10 lbs. pre ssur e . 
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12 

Sample Time 
j i hrs. 

A 1 ! 0 

2 3 

3 6 

4 12 

5 24 

6 ! 36 

B 10 
11 

3 
6 

12 12 

13 24 

14 : 24 
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Initial S. Final 

0.007 

0.009 

0.007 

0.006 

0.006 

0.007 

0.006 
0.007 

0.006 

0.007 

0.009 

0.10 

0.15 

0.18 

0.12 

0.12 

0.02 

0.20 

de a d 

0 . 17 

S. Condition on opening 
J Inside Tin Meat 
l 

( 1 small spot on cover normal -
( 2 " TT " paper 
small blaclc spots on cover   1 claw dis-

colored X 
(black ring around seal 
(few small spots on cover, noroal -
numerous brown stains. discolored 

throughout . 
X

hea.vy blac1c stains on discolored 
c over . throughout . 

bl ack around sea l ., Tiny 
specks. 

slight brown staining. 
(black sta i n on cover and 
( numerous t iny specks. 

(several soall stains, 
( blaclc ring around seal. 
(Tiny specks. 

xxxx 
badly dis-
colored 
blue XXXX 

normal -
slightly 
discolored 
x 
discolored 
 in spots. 
XX 

(slight stain around seam, normal 
( 1 tiny specks. 
( blaclc around 
(on cover and 
( specks. 

seal. Stains meat and 
bottoo.Black paper badly 

!discolored 
:blue. XXX 

N. B. No. 13 died sometime between 6 and 1 2 hours . 

None of these cans were as bad a s is sometimes encountered 
in practice due probably to the shnrt time of storage and thorough 
ster ilizati on . In all t h os e marked wi th more than t wo X' s however , 
the good appearance of the product was def initely lessened . 
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2 . Eff ec t of St er i lizati on . 

1 2 l.obs t er s just brought in fr om t rap s were di v ide d into 
three l ots: 
Lot A - Control - No treatment 
Lot B 1 . Boiled 15 minutes a nd canne d . Sterilized 35 min. 

i n autoclave 
2. TT 30 " TT " " li 

Lot C - Boi l e d 15 minutes and c anned . Ster i l i ze d i n water 
-bath. 

- The volatile sulphur was deterr . mined in the usua l way on 
each l ot t e fore canning. Th e plan of this experiment was 
then to open hal f of Lots B and C and a s soon a s cool after 
the steril i zati on and tes t them. The other ha l f were to be 
kept t hree or four weeks and t he n opene d . TTnfortunate l y just 
afte r t he experiment. hacl got under way the gas was t urne d of f 
i n the building owing to the removal of t he oe t er to the n ew 
building. On t his account we were unable to sterilize a ny 
cans by t he boiling wa t e r ba t h method and were a lso ubahle t o 
t es t the c onte n t s of Lot B cans immediately after the steri-
lizat ion . This part was t h erefor e omi tt e d a nd all t he cans 
were kept 2 3 days , when they were opene d an d t e ste d . 

Sample Ini t a l Final Vol. Condition . . . 
Vol. s S. i Meat Can 

mg. 
l 

l 

A 0.035 - - ; -
B 1 0.035 0.10 Sl. d i sco lor e d. x (black spots on ' 

! (cover,tiny specks ! 
' xx 

l:oiscolored 2 0.035 0 . 18 black ring ar ound XX
! ! seal. Bl ack specks 

X 

3 . Effect of Canning Process . 

11 . 91 ǁ Just caught. Boiled a t once and he l d on i ce 12 hr s 
The n c anne d . 

11 . 92 ♀ Just caught. He l d on i ce a l ive 12 hours . Boile d 
and canned . 

Bo t h can s opened a na_ e xamined as soon as c ool. 
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No . Vol. S . Condition 
mg. Meat. Tin. 

11 . 91 0.15 Normal 3 or 4 tiny black specks. 
11.92 0.20 Normal Normal. 

Discussion of Canning Experiments: 

Comparison of the above with the previous experiment in-
dicates that under our conditions the incre a se in volatile sul-
phur took place during the canning process rather than during the 
subsequent storage . The fact that cans which were opened at 
once were not d.iscolored may be due to t he fact that t he dissolv-
ing action of the juice on the tin is a slow porcess . 

The results of the three experiments show that in all cases 
the volatile sulphur of the meat wa s greatly increased by canni ng 
and storage over the value found for the freshly boiled meat. No 
apparent difference was found be t ween t hose which were stored and 
those which were opened at once . Bac t crial or enzymic acti on in 
the can i s therefore not indicated. Confirming Reed and. MacLeod, 
lobsters kept longer than 6 hours be t ween boiling and. s t erilizati cn 
produced discolored tins . The difference tetween keeping the 
lobster alive and holding them after boiling was not marked al-
though tho most discolore d cans of all wer e produced by lobsters 
held 24 and 36 hours after boiling. In this connection it 
should be noted that the temperature of the co l d room was only 
15 °C which is lower than average fact ory c onditions . 

The method usod does not show any correl ar t on between t he 
amount of vol. S in the meat and the amount of dis coloration , 
some of the normal tins givinG values just a s high or slightly 

higher than t hose which wer e badly cliscolored . Other fac tors 
t han the amount of S evidently enter i nto the production, of the 
stain. One of these is undoubtedly the pH of the juices and 
amount of ammonia and. amines i t con tains . The tin must be d i s -
sol ved off the iron before the sulphur can come into action. 

III 

Discussion : 

The ease wi t h which .volatile sulphur is li bera te cl from lob -
ster muscle under such mild treatment points to the presence of 
a compound with an unstable sulphur linkage such as the sulfhydryl 
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group. The only sulf hydryl compound which is k:nown to exist 
free in muscle in appreciable amount is glutathione . 

Hopkins (4) has shown that glutathione is much more un-
stable than even free cysteine or cystine and will lose sul-
phur when incubated at 37° for 5 hours in 0.3 N BaOH and ex-
cess of lead acetate . Under these conditions cysteine and 
cystine show no trace of blackening . 

Pure glu ta thione undergoes decompsit ion wi th loss of 
bath sulphur and ni trogen when aerated at r oom temperature in 
the presence of a trace of iron and. at a pH of 7. 6; while on 
bo il ing the pure aqueous solu tian ( pH 3 . 0) sulphur is lost 
continuously over a long period. After 40 hours boiling one 
quarter of the sulphur is eliminated. as and. as free sul-
phur. Free sulphur does not become evid.ent until the 20th 
hour o:f boiling. The elimination of sulphur takes place 
similarly but slichtly slower when the tripeptide is boiled. 
in absolute alcohol. 

The eli:::ination of sulphur from lobster muscle resembles 
that from Glut athione very closely . Failure to obtain any 
blackeninG by aeration of lobster muscle could. easily be due 
to the short time (30 min.) employed. 

The only discrepancy lies in the e xperiments in which 
the lobster muscle was precipit ate d. wi th trichlorace tic ac id 
and with tunGstic acid. It would be expected that the pro-
portion of sulphur e li__ inat ed. from the filtra te would. ex-
ceed. that from the precipitate. As alread.y pointed out 
however, t his may be d.ue to incomplete extraction . 
Glutathione is a very probable source of the volatile sulphur 
of lobst er muscle. but the eviclence is much tao scanty for a 
d.efini te sta terment to be trade. 

Another possible sourc e of this volatile sulphur is in 
unstable sulphur linkages of prot e ins . Consià.e ra ble evid.-
ence has accumulated { 5 ) that loosely bound. sulphur exists in 
proteins in. other forms than cystine . Much of this work, 
however, was d.one with impure proteins and be fore the dis-
covery of glutathione and. the results are therefore open to 
ambiguity. Lass of sulphur on bo iling with water is, however, 
not peculiar to lobster muscle. 
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Osborne (6 ) found that volat ile sulphur is given off on 
boilinG the gastrocnemius muscle of a guinea pig which had. 
been starved. for 24 hou.rs prior to d.eath. He states that he 
was unable to find any v ola tile sulphur in the case where the 
anical prior to d.eath was well fed and. in good condition . 
Sheep muscle also gave off volatile sulphur on boilinG . 
Rettger otserved. that on heating normal milk above 85° C , milk 
:proteins undergo partial decomposition with lïteration of a 
volatile sulphide (5) . Neur2e ister found. t hat on heating coa-
gulated ovalbumin wi th water in an autoclave at 160°C hydrogen 
sulphide and ammonia are evolved. ( 5) . 

The f act that autoclaving canned. lobster increase s the 
volatile sulphur removable by steam d i stillation to approxi-
mately the same va lue as t hat of cans which have been stored. 
and. found d. i scolored is deserving of further investigation. 
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