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Develonment g_f_ DMigtasteful Flavor 32 Beer

This ozmperiment was made to discover (a) whether somewhat inexperionced
beer-drinkers could rate the taste of beer in a soientifically useful way (b)
whother beer exposed to light could be detected by them (¢) how much oxposure
was nooded (4) whother difforent sorts of bottles made a difference to tha deor.

Cxporimental IMatorial. The Duquesne Drewery ehipped to us, in a light-
tight gﬁ on, 24 bottlca of beer proceased togother, in 12 og. steinies. Bight

bottles wore amber; oight were Dmmorald Oreeny and eight were flint. The spectral
transmission has not, as yet, becn determined eithor in the visible or in the
ranges outside the visible,

Jut of these 24 bottleas we seleocted 9, at random, for this tests &three
amber, three Imerald Green, three flint. They were of various manufacturers, as
describod latoer. f

Tasters. GSoven members of the lab staff were the guinea pigss six were
men, GDG one & woman, Their agos varied from the late twonties Lo early seventies.
Their intelligence was above average, but their knowledge of besr probably below
average. Four were uniwersity graduates, and the others probably had equally
good IQ's. They were all consciontious and there was no cheating. '

Freparation of Beer. Te stored the beer, as received, out of doors. in the
shade, In 1te Light-Gight oases the air temperature (shade temperaturc) was 50°F,
Thoy were thus stored €ill 11 e.m., E0.T.

Shortly after 11 a.m., & groen, an amber, and a flnt bottle were exposed to
the gunlight for one minute, in the open alr, on the concrete drive in front of
the lab, Ancther set of three, a green, an amber, asnd a flint, were exposed
similerly for twenty mimutos. This was on October 30, 1944; air temporsture as
before mentioned 50°F; wind west, fair breeze, extonding our flag fairly
horiszontelly on its maste Dright sunshine: sky cloudless: visibility about
throe miles.

After exposure, the hottles were returned to their light-tight cass, still
-atored out of doors in the shade, to cool off as much as practicadle, till 12105
petis gastorn war time. All nlno bottles wore then brought into the testing de-
partment and stood upon o table, soreened from the guinca-pipgs, arnd in a some-
what osubdued light. ~

Eighty-four Coca=Cola 4ype tumblers, freshly washed, also stood on this
tekle. The geven tasters sat bohind the soreon, and were served beer by two "Bar-
mids™, (two other membors of the staff’), from the talle., Each tastor had just
a small mouthful to taste, and did not swallow it, As socon as he (or she)
thought ho could rate 1t as tasting good (A), bad (C), or indifferent (B), he
apat it ocut into the sink, and recorded his rating sooretly in a book. No oome=
wonts wore allowed, and cach taster had his own individual book.

The order in which the bottles were opened and served was "ehuffled" ocone
oiderably, 8o that no one had any idea what was coming. ioreowver throe bottles
wore used twioe, mising twolve teste from nine bottles. (See Tabulation)s The
socond set of seven glasses was poured while the first was being tastoed, and eo
on, so that all samples had about equal ¢time to lose curbomation. The temperature
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of the beer remaining in each bottle was measured immediately after the tumblers
were supplied, They varied from 52.5°F to 59.0°F. Tho flint "tastes" averaged
5445°P3 the emorald green 55.6°F; the amber 56.,4°F. Thus the beer from the amber
containers wae alishtly tho hottest, and the flint slightly the coldest.

There were four "tastes™ of unoxposed beer, average temperature 53.7°F;
throe "tastes® of boer exposed for one minube, average temperature 54.3°F (less
than & degree hotter than unexposed beer)s and five “tastes™ of bosr exposed
for twenty ninutes, average tamperature 58°F.

Ratings Obtalned. Table I glves the reosults obtainod from the wvarious obe
servers; rives also Ghe color of the botftles, the manufacturer thereof, and two
composite ratings, and the temperature at the time of tasting.

TABLE X

Beor-tasting Experiment, 10/30/44

Ho Exposure ﬂl 1-Mimyto Exposure | 20-1dmite Fxposure r
Observer Amber | FIint | oUreem | Amber | Plimt | Creen Leber | Flint Ureen '1
1 | 2 | 38 0w | s | 4 6 12| 7 5 1
| Beod | Knox |Glenshaw | 0-I |Glonshaw | Glenshaw, O-1 |Glenshaw Glenshaw
| - 1 ;
Ghering A-| & | &% | & B B B A c ¢ ¢ |
'; | , | (Skunicy)
|72 | | | ;
Wioat | A B B A B i ¢ | 4B | ¢ e ¢ |
, i ! 1 s
Dasham | A A B A A B L | A A | ¢ ¢ ¢ |
| | i | f. 1
Perguson A c B A | B B | ¢ | A & | ¢ ¢! ¢t
! |
| T | i |
Remno A B B A B B | e | ma | = ¢ &. |
& — ——
| | 1 ' T
Scholts | A A | A A A g | @ | a® c ¢ ¢
! ,i , , d ! ,
Enlght | A r | &k A+ > |.o® [ omsw| e cs ¢
* - etrong) ] |
Points *7 3 | +3 47 P IR | | 8 | e | 7 T T
. : « e
Yedian A A | B a A - TR R SRS 1 c ¢ ¢
: | | | | | |
Tempe 54.0° | 5245° 1555‘ S40° | 55.0° | 54.0° | 54.0° jsi's‘ 590 57.0° 8BS B
| | { |
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D Discussion of Ratings. The ocomposite rating, (last line but two), is obw
tained by adding all the Individwal ratings abowe it, setiing A a +1 = goody

B s 0 e indifforenty ¢ = ~1 » poor or bad. On this basis there ocan be no ratings
lower than =7 or higher than +7. But the exclamatlon marks behind some of the
Ctg indicmte that two observers would rate thea still lower if they were allowed.
Note that these exclamation marks sre all upon green bottles, nome upon flint.

The most important thing is that everyone without the slightest oxcoption
heartily disapproves of beer exposed to sunlight for twenty minutes, rating it
C or worse. They do not disapprove of beer exposed for twonty mimutes in ember,
civing it an “A" rating. Their disapproval is mot due to the beer belng warned
by exposure, for the amber bottle got as hot ae the others.

The next sigpificant point is, that high ratings are given to unoxpoged
beer, showing that tho observers ocan generally dotect 1t, but they are noet @0
copsistent on "pood” beer as on "bad". It is clear you cemnot depend on & single
cbsorver whore "zood” beer is concermed:s Ferguson missed the boat completoly on
the unezposed {1lint, and more tham wsli the observers were undeoided botween A
and B ratings for the greem bottle {unoxposed)s On test 8 (the roohock), every-

body gave it an A rating, bocause thoy had just cerried out test 7, which was
universally rated bad. :

This leads us o conolude that s difforence of four points in the composite
rating is not sigmificant, and may be the result of what sas tosted just bvefore.
e my therofore sssume that it is falrly objective to say that a plus rating
impliea palatable beor; and a negative rating moans unpalatable, while & sero
wvalus or a value near sero can be accounted neutral.

It is fairly olear that though individual observers are not by any means
infallible, their idiosyncrasies are largely eliminmated in the composite soore.

In some ways the most interesting thing of all is the scoring at one mimte
exposures This is & very brief exposure, the tempe ature rise of the contonts
is scarcely more than lalf a Fahrenheit degree, but the composite score shows
that while the amber is umaffected, the flint is already "indifferent” while the
emorald green is defimitely "poor®, Further exposurc makes both flint and emerald
green unequivocally "bad®, while the amber atill remains complotelunaffected. As
things stand this would sugpest that groeen is a worse container than £lint; but
the difference of roting is only four polnts, which seems to be borderline, and
may not be significant, as is the case with unexposed beor. This we shall deal
with lator. Uowover the difforence botween flint and green together om the one
hand and amber on the othor is definitely signifionnt, and this was achieved in
one minute on a wintry late-Cotober dag.

. I therefors soe no reason to doubt ¥r. L. Koenig's statemont that im hot
sursoor weathor & walk of 80 f%., oocoupying perhaps twelve or fifteon seconds, 1s
encuch to affect the taste of deer carried in the hand.

14 veems to me unlikely that so quick a reaction can be blologicsl, and a
rige of 1/2°F is not onough to sccownt for chemical actlon propere Therofore it
gecms VWahl-Henius must be right in calling 1t photo-chemical, and Duguesne is
rizht in ascriding it to the sction of light as such.
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owr first quostions are therefore answered, Duquesne supplied us with beer
which was initially guite similar in all bottles, as rated by onr tastorse Dxe
posure to light in O-I amber bottles produces very little effect, though the
Zoonig's say they can detect it ot times. Exposure in emerald groen or £1int
bottles is dleastrous. The phenomenon is gemuine, and there now remain two
questions s :

(a) what is the reaction?
(b) can it be prevented by means other than using dark amber bottlos?

This of course involves a subsidiary question, of great practical importance to
Dutusane,

(c) are all amber bottles satisfactory, eo long as they are "ambor"?

EENEREENERE R

The first question, ("what is the reaction?”) belongs to the fleld of beor
technology proper and camuot bo dealt with here. Wahl-Tlenius assert it 1s the
formation of volatile mercaptans, but by their method of testing with mothylene
blue, it takes days or weeks of exposwre ¢o produce measurable mercaptans, wheroas
by tasting the umpalatablensss is cbvious in one mimute of even winter sunshine.
Esselen and his co-workers, dealimg with frult juiges, insist that these other
liquids are renderod umpalatedle mainly by oxidatlon.

The second question can e answered promptly. It is only reasomable to sus-
pect from pencral consideratiens, and alsc from the resulis of Table I, which
hints thet £lint (colorless) zlmas is at loast equsl to emerald groen, that the
real culprint is ultra-violet lighty that you can have any color of glass you
1ike, provided you have a glase that completely cute out the ultraviolet.

Glacs, contalning a 1little iron oxide in the ".xidised" form, will cut out
considoradle ultraviclet, while transmitting infrared proetty well. If made under
"raduoing® conditions in the furmace, the flint will transmit much more ultra-
violet and much less infrared. Dmerald green is made under reduoing conditions
and passes substantial amounte of ultraviolete At wawe length 3650L (s meroury
arc 1line) e sample of emerald greon we had here, 1/8" thick, passed 407, while
a similar semple of azber passed mome. The ambor is made under reducing condle
tions, but none the less cuts ocut the ultraviolet.

However all ambers are not perfectly effective in outting ou¥ ultraviolet,
£1int glasses wary considerably, and so do emorald greens. Ve find this ot
3650 Angstroms, and Sharp hag proved it over a longer range of ultra-viclet wave
lengths, ¥e my oxpect that still shorter wave lengths than 3650 will be oven
more offectives asuch wave-lensths are present im sunlight, and 8o glasses may
not. rate in perfectly correct order when teated, as it is convenient for uvs to
(‘.0.‘ at 565&.

Cellophano, perfectly colorless, is quite good at cutting out ultraviolet,
in gpite of tho fect that it s sc thin. Six layers of cellopheno cut out ultra-
violet at 3G50 completely.
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. £1int glass about 1/4" thicke-the body portion of & siphon bottle in
fact-~cuts out considerably more ultraviolet than a 1/8" plece of emerald pgreeng
and the siphon wall plus @ double layer of cellophane cuts it out

Weo therefore made thia exporiment. Three bottles of Imquesns's consigmment,
all omorald green, were useds one was unexposed: one was exposed for twonty-
five minutes to sunshine on October 31: (wipd south, ailr temporature approximate-
ly 62%, sky cloudless)s the third was wrapped in solorless cellophane, placed
under the colorless siphon Botile bady, for twonty-five mimutes in the sunshine.
The unexposed bottle was called {3, the cellophaneewrapped one {2, and the un-
protected, exposed, one {l.

The tasters made the experiment as before, and thelr ratings are given in
Table II, each bottle being sampled throe times, unknown to the guinea pigs, in
the order listed at the top.

TADLE II
Trial) 1 S 8 : 2 G ¥ | 3 4 S
Troatment Unex. Unex. Unex. | prote prob. prote oxp.® oxp.® oxp.*
Bottle 3 3 s | =2 2 2 1 1 1

|
Temperature 52,0° 54.0° 585.0° 63.0° 64.5° 64.5° 65.5° 66.0° 66.5°
Ghering R P A A c ¢ ¢

|
Wiest A A e R A A ¢ ¢ ¢
‘Bashan A A A A B A C C €
Ferguson B A B B B A c v c!
Renno A A A B B A c o C
Scholts A A A A A A C c t
Enight A A B 3 B A= c e c
A - "1’
C g <}

@

“4ime of exposure 25 minutes %o Eirect sunlight.
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Comments on the findings. The tasters ere not fooled in the slightest, A
plus rating ns g » Gnd there is no significant difference botween une
expoged beer and beer exposed in cellophane, This 1s in splte of the fact that
one is ten or twelve degreocs hotter than the other. The boltle exposed without
protection is umaminously rated "bad" to "vile" (C8). Its tomperature is sube
stantially the seme as the cellophans-wrappod ono, so it iz not a matter of
temperature. Helther ls 14 a matter of colore-the two botiles are alike. It
ie a matter of protection from ultraviolet.

- This is totally at variance with tho Vahl-Denius view that it is a matter
of protection from green light, '

It follows that if we can find en ingredient for the glase which cuts out
all the ultraviolet (as cellophane in much less thickness does), then the glass
can te blue, green, bromm, or red indifferently, or completoly colorless like
the cellophanc.

Or, if weo wrap the bottles in cellophane, wo got over most of our troudbles,
but are involved in some trouble and exponse. Or wo can get to the bottom of
things, and find out what resction it is that io catalymed by the ultraviolst,
and remove ono or more of the reaotanta.

Variocus other things follow, which I need not here dwell upon.

The immediate problem that concerns Glenslaw, which falls within the field
of glass teohnology, is whether a suitable glses ingredient can be found that,
when added to emerald groen glass, leawes it emoraldecclored in the visible

spectrum but cuts out the uliraviolet which at present passes, This we hope
to deal with in & separate report.

Te %e Proaton
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