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ENZYME AGEINTLEY OF [CE-CGREANM
INPROVERS

P. I Tryey axp I A Ruense!

During recent vears =everal different brands of co-called ice-eream
improvers have been placed on the market. The manutacturers claim
certain merits Tor the use of these products such ax shorter aging
pertod, betrer hody for the tee eream. and 1mproved flavor.  These
qdvimraees have been made the =ubject of a =tudy by other investiga-
tor= and will therefore not be constdered here® The exact compaosition
of the improvers, however, and thelr action in lee ercam 1= not gen-
crallv understood, 11 the lee eream manufacturer iz to uze these prod-
uets intelligently hie should be familiar with the properties of the
improver he iz adding to hiz mix and alzo with the underlving prin-
ciples o1 1= aetion both on the mix and on the iee eream. It was for
the purpose of obtaining =uch imformation that this =tudy was made.

COMPOSITION OF IMPROVERS

Samples of twelve different improvers and of rennet and pepsin
were seeurcd for thi= =tudyv.  Quahitative tests for enzyvmes, sugar,
~tarch, and cum were made on cach =ample. In addition, the amount
o titratable acdity, as measured with N 10 NaO1H, and the number
of baeterin per gram were determmed for cach improver, The re-
~tlis e recorded in Table 1.

/)l fern ,'; (11/'”[/ ”f l‘;}r;]///,l S _\('1'[!1'(“1]‘_" to (‘lll(‘j" ])('}Hill 1\ 11]“1().\'1

camnplerely destroved by heating for ten minutes ar 38 L at a

plb = 7250 Renum loses only a0 =mall fraction of 1tz activity
Heawimg tor two inutes at 700 Coat a pll =50 completely destroyvs
rennin, b lias noeffeet on pepsin.” Using this a= a basiz. an at-
ternpt wes neede to determine whether cither of the two enzvmes was
prosent inothe nprovers stadied,

The colorinetrie wethod was used in =tandardizing the pll con-
centration o! the mmprover <olutions, The mmdieator solutions used

were methyvl red for the plb= 50 and eresol red tor the pll - - 7.25
concentedtions. The mdieator solntions were prepared aecording t
Crark® o= 1ollows:

T Nasitii (MBS Dohiny M WU M A R Chicl Duire Mani-

SN % 1l Bun A, €Okl Aer Lag 8o el s B 1oz, <ousese 1L H
\ \ I 0 I ot °2v

‘ svunty MW P . L |

( W W R Jok Ly 1
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Methyl Rod—Two one-hundredihis of a gram of the indicator was added to
a mixture of 60 ce. of 95-pereent aleohol and 40 ce. of distilled warer.

Crosol Rod—One-tenth gram of the indicator was added to 265 ce. of
N/10 NaOH diluted to 500 c¢e. with diztilled water.

Once-pereent water solutions of each improver were prepared.  In
standardizing the pH concentrations, 3 ce. of the methyvl ved indicator
solution and .5 ce. of the cre=ol red indicator solution were added to
10 ce. of the filtrate from the improver solutions. One-tenth normal

TasrLe 1.—CoymrositioNn or Ice-Creay IMprOvVERS

N /10 alkali

Bacteria

over N utralize Stare Sugar ium!  Enzyme?
TImprover No. ‘ to llx(;r‘x]tiglll/( per gram tarch ugar Gum!  Enzyme
i ce.

T A .| alkaline 0 0 + + P+R
2 e . 2 .82 0 0 —+ —+ P
e 285 750 0 -+ -+ B
o alkaline S 000 + - 0 |2
S alkaline 210 + + 0 R
G.N. .8 ...m N alkaline 1 850 0 —+ 0 0
TAA..e .Y alkaline 76 000 + —+ 0 R
Ju--mm. -.m B m| 2 28 1 400 0 —+ —+ R
(DI 342 2 700 0 -+ + R
) |(§) ARRMESE SRR 14.57 1 000 0 — + P
1] R S 1.14 6 N00 + Sl = 1P

170, B, Sy | alkaline 250 0 - 0 P+R

Rennet. .. ..., ... alkaline S00 [§] 0 0 R+P

Pepsin......... .. 11.1 30 000 0 0 0 P+R?

2

Thuprover 1 gave a test for gelatin. °P = pep<in, R = rennet. “Very shght
reaction for pepsm.  *Very =light reaction for rennet.

NaOH and one-tenth normal HCL were uzed to adjust the pH coneen-
trations.  The =olutionz standardized to pH =5 were heated for two
minutes at 707 C., while those standardized to plH = 7.25 were heated
for 10 minutes at 387 (. The heated =olutions were then added to
30 ce. of =terthzed milk to which 1 ee. of 10 pereent CaCl, had been
added. The samples were all held in a 457 Coincubator. The activity
of the enzynie was checked by the control =ample (10 ¢e. of the 1m-
prover olution. 1 ce. ol CaCl, and 30 ¢e. of sterthized nalkor. In every
case the coagulation of o sample occurred practicadly at the sume
time a= the congnbation of the control. Eleven of the 12 improvers
were Tound to contain an enzyvime. Five contained pepsin. 4 contained
rennet, and 2 contained both pepsin and rennet.

Determination of Prescnee of Sugar——Using Fehling's solution. the
different improvers were tested Tor the presence of =ngar. With the ex-
ceprion of one hmprover i which 10 was necessary to hydrolize the
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<wgar, the tests were easilyv performed. The hvdrolizzoion was we-

complished by adding @ small onount of concentrawted H SO0 tone

drop to ) eubie eentimeters of the solutiony and hotling the mixtore,
All o1 the commeretad mmprovers contamed =uear Clable 1. No

attempt was made to determine the kind of sugar present,

Dictormeination of Gums and SNtarel - The Conedon cand Pairek!
wethods were u=ed to deteer the presence of cums, while ~tarelies
were deteeted Dy the stareh=1odin 1est,

Coons formed o part of 7 of the 12 mnprovers, wlile 4 contained

~tuletn,

Dioternnation of Aeidity and Bae'orial Count—1Using phenolph-
Hadem as s mdicaror the amount of N 10 NaOHE required 1o neu-
readize the aetdity of cach mmprover was determined, 1t s appuarem
Tt e inereases the acldity of the improver sinee all of those
containing einn hadd oo rather high tireatable aeidite while those with-
ot com were alkaline. The munber of bacteria per eram wias de-
rermmined by the plate method. using agar media containing 1 per-
cent peptone. 1 percent lactose. wnd o ~small amount of heet extraer.
The plates were menbated at 37 C0 for 48 howrs. None ot the im-
provers contained an appreciable mmiber of baeteria, the connt rang-
D from none to 76000 per gran.

Ito~cenis trom thie datas recorded in Tuble T thae the mun con-
stitnent ol an hmprover i~ the enzyvme that it eontains, which, to-
cothier with the oum, 1= the “ripening agent™ that nnprovers are eom-
wonly o eredited witl containing. The snaar and <tarels present in
the vartons mprovers are tsed primarily o= tillers or carrters for the
ouin atid enzvine,

FACTORS AFFECTING THE ENZYME ACTIVITY OF
IMPROVERS

Dizestiel ss vhe setive woent of most of the mprovers investicated

e~ anenzvine, oo ~tadyowas neede 1o determine what trerors aiieet

CLZVINC eIV of Dnprovers o lee erean.”

Variations in Activity of Enzyme Contained
in Different Improvers

One arion of cael of the nuprovers wand of pep=in and rennet was
whded o0 T00-cosportion of pastenrized nnlk o142 17 1or 30 winntes)

Conadon. Too A oy, Tnedus, el e Chera 7. 606, 1915
Whon consedored pmerien]s skintne b oor whole otk woes el o e of

It U TN
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and the samples were held at room temperature (75° Fo.o o The time
required for each lot to hecome coagulated is indicated below.

Tine to Time to

Sample coagulate Sample congulate

hrs.  min. hrs.  mdn,

Control ........ (no change after 7 hrs,) G N - . 2 30

Mo o T, SN NN W 3 30 Mo oo B oo Baom o o JEB o o S 1 1)

<A N RN S F |4 30 100 | 10

ol S B, S W, 2 30 TII| A I, SN SN S RS s 30

do 2 30 IR Ry SN o S 3 30

0 00 o0 G 000000 M 000 o 5} 30 Pepsin.. oo 0 50

6../mo enzvme: no change after 7 hrs.) R CTIIG o  0 BB 6 ol o okl IB © o ¢ 0 50)
.- - a8 xx - EERLED CE 1 0

Tt will be =cen that there is consziderable variation in the enzyvine
activity of the different improvers. Thix no doubt accounts for the
wide variation in recomniendations made by the different improver
manufacturers for the use of their products.

Enzyme Activity as Affected by Certain Salts

In order to obtain further information regarding the active agents
In ice-cream improvers, various studies were made to determine the
effect that the addition of NaHCO, and CaCl, would have upon the
aetivity of the enzyvme contained in the improver.

According to Effront and Prescott! the activities of rennet are
leszened by the addition of an alkali. These authors also state thar
heating milk to high temperatures will preeipitare the caleium ions
which are necesszarv for enzvinie coagulution of casein, but that the
addition of a =oluble caleimm =alt seems= to restore the neceszary
cquilibrium.

Effcet of Adding NaIlCO,.—One ce. of 2-pereent rennet =olution
was added to 10 ce. of milk with an acidity of .18 pereent, and a
=imilar amount of the =ame rennet =olution wa= added to 10 ce. of milk
with 1t= acidity reduced to .11 percent. The tubes were held at rocm
temperature (707 oo In the first case coagulation took place m 81,
ninutes, wherea= in the =ccond ca=e about 3 hours were required. Tt
the NaHCO, had an inhibiting effect upon enzvime activity iz evi-
denced by vesults obtained when the acidicy of the milk was redoecd
from .18 ro .11 pereent.

Eficet of Adding Soluble Caledon Salts—One gram ol cacli of the
improvers, a= well ax one gram each of rennet and peps=in, was wdded
to 100-ce. portions of milk that had been sterilized by heating i the
antoclave under 12 pounds pressure for 45 minutes. Ten cuble centi-
meters of cach lot was put into test tubes and cight drops of 10-pereent

itront, Jean and Prezcott. Samuel Co0 Biochemieal eatadysts in life and
imcdustry. 100-101F, 173-176. 1917,



1020 E~xzyave Activiry or Tee-Crikeant Tarrovers ANT

caleium chlorid =olution added to cach tube. Tmmediately all but the
control and Sample 6 (which contamed no rennet or pep=in) coagu-
lated. Both the control and Sample 6 were =ull unehanged after 4
hours at 45 C. and atter 16 hours at 200 €.

The effeet of adding ealetum lactate upon enzyvme activity was
al=o =tudied,

S-pereent Rennet Time to
Sample caletum added coagulate
lacrate
cc. cc.
10 cecraw skimmilk. oo oo 1 1 Instant
10 ceoraw =kimmilk. ..o ooooo oo o 0 .1 4 min.
10 ce. =kim milk previously heated to 1507 17, 1 1 5 min.
10 ce. <kim milk previously heated to 180717 0 1 50 min.

These resultz are in accordance with the aceepted belief that soluble
caleium =alts are necessary for the action of rennet on milk.,  Several
theories w= to rennet action have been advanced.  Palmer and Rich-
ardson' i dizcussing these theories conelude that, “ . . . there are at
least two =tages in rennet clotting,  The first stage 1= the change of
cascin to paracasein by the rennin. The sceond stage 1= confined to
the precipitations of the paracazein by the soluble caleium salts of
the milk.”

Heating Milk Decreases Enzymic Activity of Improvers

The fimportance of the presence of =oluble ealeium salts is further
brought out by a =tudy of the effect of heating milk upon the enzyvinie
activity of improvers.  The procedure follows,

Three lors of milk were used together with 9 different mmprovers
and rennet and pepsin,

Lot 1 —The milk waz pasteurized hy heating 1o 1127 . for 30 minutes. One
grant of each of the tmprovers and rennet and peps=in was added to 100-ce. por-
tions ol milk after pasteurizaion.

Lot 2 —The milk wis heated in the autoclave under 15 pounds steam pres-
sire for 13 minutes, One gram of cacl of the nnprovers and ol rennet and
vepsin was added to 100-ce. portions of nlk alter heatinge,

Lot 3 -=This lot was treated the same as Lot 2 exeept that 5 drops of 10-
pereent cidei ehilorid were added 1o caeh 20 ceo of milk.

Al three lots were placed inan ineubator at 15 €0 Lot 2 showed
no chance at the end of 48 Lour<, The ehanees in Lots | oand 3 are
~hown in Table 2.

The nprovers twith the exeeption of No. 61 and rennet aud pepsin
eat=ed coaculation i the milk which had been hested to 1120 17 for
S0 minutes. The time required was from 2 1o 19 hours, varving with
the different kinds of improvers.

Palowr, TS0 and Richardson, GO AL Colliod .\_\'I")’r‘;‘ll'l Inon EY‘I!‘:]L 3.
112-1538, 1925,
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ALk heated to o hich temperature did not coagulate upon the addi-
tion of rennet, pep=in, or the improvers.  However, coagulation did
tike place hetween 30 to 46 hours, when a smull amount of caleium
chilorid was added to this milk. Thiz occurred i all instances with
the exeeption of Improver 6. whieh contained no enzyme.

It =cem=, therefore, that the amount of heat the mix haz been sub-
Jeetad to previous to addition of the enzyme 1= very important from
the stundpoint of enzyvme acuvity.  NMixes pasteurized at high tem-
peratures, or made from productz heated to high temperatures i the
process of manutacture, <uch as superheated condensed milk or evapo-
rated millk, will not react in the =ame way toward Improver ¢nzyines
ax will mixes that have been =ubjected to lower temperatures,

Dry Heat Slightly Reduces Improver Activity

Aecording to Well=" “Enzymes stand dry heat over 100 17 Such
hema the caze, the activity of mmprovers containing enzymes should
not be destroved by dry heat at 1007 . The following results are in
accordance with Wells” observations,

About 25 gram= of each of =everal mmprovers and pep=in (pow-
deredy were placed in open contaimers and held in a 100° C. constant-
temperature oven for 45 honrs. One gram of each of the heated and
nnheated improvers was added to a flask eontaiming 50 ec. of sterilized
milk. The sterthzed milk was u=ed inorder to reduce the tendeney
for bacterial action to take place. One ce. of 10-pereent. CaC'l, =olu-
ton was then added to each flaxk. The <umples were all held at
room temperature (700 to 750 Fo.

The time for congulating reaction {o take place follows:

Improver! Unheated Heated
Control. ..o 0 o L Unchanged after 21 hrs. Unchanged after 21 hrs,
ool 0 o o oo o ML, W Immediately Tmmediately
2 Immedintely 13 minutes
1M 0 0 6o aldo oo Baoac oo Mk Immedintely Immediately
) . 30 minutes 3 hours 15 minutes
71PN L SRR R 13 minutes 3 hours 15 minutes
N 19 minutes 3 hours 15 minutes
U e e G oo caua oo Coo. 13 minutes 3 hours 15 minutes
oo 19 minutes 3 hours 15 minutes
R 13 minutes 21 hours
Pepstn. o000 Immediately Iinmediately

Trprover 6, which contained no enzyime and the Hquid rennet were not
e

Tmprover 12 was hadly charred while beine heated, No doubt this
wis partialfy due to 1z high snear content. This charring apparently
destroved ~ome of 1t= enzyvmic actuvity.,  The continued heating wt
100 L tor 45 hours did not totally destroy the enzymes altho it did
tend 1o reduce therr activity,

Wellz, H. G The chemieadd aspeets of immunity, 1 1925,
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Tt may be concluded thai improvers containing cnzyvmes can be
subjected to high temperatures with =afety providing theyv are kept
m a dry state.

Enzymes Not Destroyed by Storage in Hardening Room

It is the opinion of some lee-cream manufacturers that the aetive
principle of the iee-cream improver is destroyved after the ice eream is
frozen and stored at hardening-room temperatures. The following
data, however, do not support this eontention.

Eleven weeks after being frozen, three samples of ice eream, one
containing Improver 2, one containing rennet, and one containing
pepsin, were removed from the hardening room. One-half pint of each
of the ice ereams was allowed to melt at room temperature. Five
hundred ce. of distilled water was then added and the mixture filtered
thru filter paper. One ec. of each of the filtrates was added to 5 ee. of
milk (that had been sterilized by heating in the autoclave at 15 pounds
pressure for 30 minutes) in each of two sets of test tubes. Four drops
of 10-percent CaCl, solution were then added to one set of the tubes.
The samples were placed in a 45° C. ineubator. The following results
were obtained:

Sample Time to coagulate
Improver 2 filtrate. .. ... ... ... ... No change after 120 min.
Improver 2 filtrate plus CaCly. . ... .o o L0 60 minutes
Rennet filtrate. ........... ... ... ... ... ... No change after 120 min.
Rennet filtrate plus CaCly. ..o oo L. . 60 mmutes
Pepsin filtrate. . ... ... o oL No change after 120 min.
Pepsin filtrate plus CaCly. oo oo oL 10 minutes
Control. ... ... .. ... . . . . . No change after 120 min.
Control plusCaCla. ... ... .. . ... No change after 120 min.

The unecoagulated samples were then held at 45° F. overnight
(14 hours) at the end of whieh time no ehange had taken place.

Thus we observe that the enzvmes in the rennet, pepsin, and Im-
prover 2 samples were aetive after they were in ice eream which had
been stored in the hardening room for 11 weeks.

A similar experiment waz performed using ice ereams= containing
Tmprovers 2 and 3, and rennet and peps=in. The experinmient was per-
formed 3 months and 9 dayvs atter the ice eream had been made and
placed 1n the hardening room. One-tourth pint sample of each ice
cream was melted in 100 ce. of sterile distilled water and filtered.
One ceoof the filtrate was put mto a sterile test tube. Tive ce. of
sterilized milk and 4 drops of 10-pereent CaCl, were added. Another
sct of =amples wax then prepared similar to the first =ct except that
no CaCl, wax added. A third et was prepared similar to the first
except that the filtrate from the ee creams was not added. All the
sumples were placed ina 457 C. incubator. The samples coagulating
were as follows:
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Nample Time of coagulation
Tmprover H filtrate, plus milk, plus CaCloo o000 000000 5 hrsc 10 mim,
Improver 2 filtrate, plus milk, plus CaClao o000 000000 1 hro 10 min.
Rennet filtrate, plus milk, plus CaCle oo 000000000000 H) min.
Pepsin filtrate, plus milk, plus CaClooooooooo0o 000000 20 nuin.

Fro, To—Aenvity or INZYMES AFTER STORAGE IN
e Creazy ror Over Iive MoNTis

The uncoagulated =amples were held at 407 F. overnight, vet on
the following morning none ot them had coagulated,  Figure 1 <hows

the condition of the congulated samples after being held at 40° ¥

overnight.

Al
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Thus 1t 12 2cen that the enzyme in Timprovers 2 and 5 and in rennet
and pep=in proved to be active even after they were contained in
frozen ice cream for over 5 months. Thiz agrees with the ~tatement
of Wells' to the effect that enzyvmes can withztand extremely lTow
temperatures,

ADDITION OF IMPROVERS TO ICE-CREAM MIX
BEFORE PASTEURIZATION

Some attempt has been made commercially to develop an enzymic
umprover that can be added to an ice-eream mix previous to pasteuri-
zation. The plan 1z to pasteurize the mix after the desired 1mprover
action has taken place in order to destroy the enzymes and thus pre-
vent the difficulties arizing from continued enzvmic action.

In order to obtain information regarding this procedure, a study
was undertaken to determine some of the factors affecting the results
obtained when mix? containing an enzyme is pasteurized.

The Pasteurization of Milk Containing an Enzyme

In order to determine approximately the amount of rennet and
pepsin which milk can contain and vet be successfully pasteurized.
varyving amounts of these two enzvmes® were added to whole milk
having a fat content of 4 percent and an acidity of .15 percent and
the mixture heated to 145° F. in a flask submerged in hot water.
The following results =how that it iz possible to heat milk contain-
ing an enzvme to pasteurizing temperature without coagulation
taking place.

Amount of enzyme Initial Temperature Time to Time to reach
per pound of milk temperature at time of coagulate 145° F. without
coagulation coagulating

min, min.

.075 gram pepsin.. . 43° F. BC LY 814

.100 gram pepsin.. . 44° F. 113° F. 514 L

.30 cc. rennet. .. ... 45 . o M 914

.40 cc. rennet. ., ... 46° I 118° T. 5 Ay

The Marchall rennet test was used to determine the relative coag-
ulating values of the rennet and pep=in as uszed.

Enczyme Reading on Marchall cup
SO EMAM PEPSIN. ottt e 2.5+
B TN Y131 ) et o PR 2.50—

"Wells, H. GG. The chemical aspects of immunity. 44, 1925.

When practical, milk was uzed instead of mix.

*In cach ense a 5-percent solution was used tho the amounts recorded in the
tubles refer to the undiluted product.
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The results show that the coagulating action of one gram of pepsin
u=cd waz equivalent to that of about 3 ce. of the rennet extract.,

Acidity Favors Coagulation in Pasteurization of
Milk Containing an Enzyme

Law =kim milk with an acidity of 165 pereent and raw <kim milk
with an acidity of 285 percent were u=ed in this experiment.

Amount of rennet Tuitial Temperature Time to Time to reach
per pound of milk  temperature at time of cougulate  145° 1 without
coagulation coagulation

Skim milk, acidity 165 percent

cc. min. min,
30 BU® W B . 615
P32 (15 S O 124° 10, 5

Nhim omilk, acidity 285 percent
02 410 L. > 8
.04 30° 1, 135° 1. 8

These data show that lactic acid favors heat coagulation for it
wis necessary to use a smaller amount of the rennet n order to
bring the temperature of the milk to 145° I, without coagulating.

Milk-Solids-Not-Fat Favor Coagulation in Pasteurization of
Milk Product Containing an Enzyme

Two mixtures were prepared using skim-milk powder, one contain-
Ing approximately 20 pereent sernm solids and the other approximately
15 percent.  The acidity of the 20-pereent mixture was .38 pereent
and that of the 15-pereent mixture was .30 percent. The procedure
was the =ame a= that previously deseribed.  In thix experiment pepsin
was u=ed as the enzvme. The resultz follow:

Amount of pepsin Tuitial Temperature Time to Time to reach
per pound of mitk temperature at time of cougulute 1457 F. without
coagulation coagulation

15 pereent moson f. soludion, acidity 30 pereent

grams min. min.
L0t L O b1
05 DA OF 124° I 4
20 poreond mosonf. soltion, acidity 38 pereent
N2 TR O 414
.03 S0 F, 12528 3

As these data indicate, the greater the pereentage of milk-solids-
not-fat the more dancer there 1= of curdling. 1t seems therefore that
lesz enzvme should be used in mixes containing a high pereentage of
serum =olids.
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Relation of Sugar and Vegetable Gum to Coagulation in
Pasteurization of Milk Containing an Enzyme

This experiment was conducted with both raw skim milk and with
skim milk that had been heated to 180° 1. Three lots of cach kind
of milk were used as follows: (1) milk alone, (2) milk plus sugar
(1 pound of sugar to 5 pounds of milk), and (3) milk plus sugar (1
pound to 5 pounds of milk) plus gum (.5 percent). The gum was
added by first mixing it with the sugar and then digsolving both in
the milk. Rennet was used as the enzynie in this experiment. The
following results were obtained:

Amount of rennet Tnitial Temperature Time to Time to reach
per pound of milk  temperature at time of coagulate  145° I, without
coagulation coagulation
Reaw mill, acidity 195 pereent

a@ nein. min.
2000 a0 e 68° I P L 8
T B 5 e 65° F. 125° T 6

Raw millc and sugar, acidity 16 pereent
2500 47° T S
BOSR e ey 44° F. 130° T 613

Raw nulk, sugar, and gum, acidity .21 percent
OSoo 41° F. N P 814
SIS ENEG Bo o SEEEE: 3t 52° F. 118° F. 6 ..
Pasteurized mill, acidity 195 percent
B0 57° T W oos S 10
A0 57° F. 136° . (fine S
eurd)
Pasteurized milk and sugar, acidity 165 percent

A0 oo 44° F. X S 8
SO 49° 1. 134° I, (very 613

fine curd)

Pasteurized mille, sugar, and gum, acidity .21 percent
o4 17° . .
OSoooo 57° T 1327 1. 5%

(fine eurd)

[N

It i to be seen that sugar reduces enzyme reaction possibly thru
its effect upon the concentration of the serum solids.  Vegetable gum
on the other hand increases the coagulating activity of an enzvme. It
was thought that the acid contained in the gum was a factor in eaus-
ing nereased enzyme activity.

Relation of Gelatin to Heat Coagulation During Pasteurization
of Milk Containing Enzymes
Gelatin was added to pasteurized whole milk at the rate of .5 per-
cent and 1 percent respecetively. The gelatin was added dry and the
temperature of the milk was then raized to 1307 11, After thoroly

agitating the milk 1t was cooled before adding the enzyme (pep=in).
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The procedure was smmilar to that previouslv explamed, That
oelatin inereases the eoaculating activity of the enzyvines 1~ =hown
by the following:

Amount of pepsin Initial Temperature Time to Time to reach
per pound of milk temperature at time of ik congulate 115 1L without
coaneulation conanlation
(IS nelr. i,
oo . PR 10
5 U L YR O 105 . i, -
Ml ared S-percent gelatin
7758 . ot SR P 10
oo - FSTPR O 105 T )
Ml and 1-perecnt gelatin
OTH 19251 [EE O 3
SIRML S5 L R O 4

These data are In agreement with the statement of Palmer and
dichardson' that “gelatin exert= no retarding effect on rennet coagula-
tion. On the contrary the rate of clorting 1= aecelerated.”

Pasteurization of Mix Containing an Enzyme

Tee-crean mix containing 10.95 pereent fat. 33.68 percent total
~olids 14 pereent =ucarr, and having an acidity of .19 pereent was
u=cd in thi= experiment. When a d-pereent rennet =olution was added
at the rate of 05 ce. 10 e 15 cenand 20 cel of rennet per pound
of mix. the mix could he heated to 145 F. without curdling.  Five
minutes were required to raize the temperature from 707 I to 145° F.
When the mix containing the rennet added at the rate ot .20 ce. was
hented to 150 Foeurdling occurred. When the amount of rennet was
mereas~cd ta 25 ce. per pound o mix, curdling occurred at 140 F.

Assuming mix viscosity to be a =uitable meazurement ot the destred
action of an enzyvme added to a mix belore pasteurization, it i= to be
expected that the desired result= will depend to o certain extent on
the time requured 1o reach the pasteurizing temperature. That =uelr ix
the case i~ medicated by the followine:

tennet per pound Time to reach Viseosity of mix at
of mix indieated 10 F. 21 hours
temperature after heating
e, . Nee,
CoombRtl . =70 = o o 28%0 Jole B o o e to5 57 .0
() S Ol - A [ £ £ O (b= 610
b4 145" 17, N L3470y

RELATION OF IMPROVERS TO SHRINKAGE OF ICE CREAM

One of the phvzical problems that i= troublesome to some ice-cream
manutacturers i< the ocensional shrinkaee in volume that ocears while

"Palmer, T 20 and Richardson, G A Colliod svimposinn monograph, 3.
T12-13¢4 14925,
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ice cream is in storage.  Usually thix defeet does not oceur until after
the 1ce ¢ream has been placed in the dealer’s cabinet, altho it some-
times develops while the ice eream i< =till in the hardening room. A
study made at a plant experiencing the =hrinkage difficulty, revealed a
<ituation i which half a dozen or more 5-gallon cans of ice ercam
were being returned daily to the manufacturer hecause the ice eream
had pulled away from the sides of the can and had dropped. in =ome
cazes, ax much as 8 inches. The product was leaving the hardening
room in good condition. but for some reason the contents ol an occens-
1onal can would shrink after reaching the dealer.

The formula used at thix plant in preparing the mix was as follows:

70 gallons of S-percent plain bulk condensed milk
70 gallons 30-percent cream

150 pounds S84-percent butter

112 pounds skim-milk powder

247 gallons 3.6-percent milk

602 pounds cane sugar

19.5 pounds gelatin

4 pounds ice-cream improver

The results of fat and total-solids determinations made on five
different mixes, using a Mojonnier milk tester, were as follows:

Mix Fat Total solids
pereent percent!
10 e - O B CEN- GOER: CEREXT 10.11 36 .61
2o S T B 10.02 36.77
Gl RS B S S 9 .34 36 .10
SIS R B B 10.32 35.71
5o B o o o B o o O S0k o o o SEE 10.93 36 .53

The entire mix, with the exception of the improver, was pasteurized
at 145° F. for 30 minutes and then viscolized at 2,000 pounds pressure.
After the mix was cooled, the improver was added and the mix aged
for 24 to 48 hours. The ice cream was drawn from the freezer when
the amount of overrun,® as measured by the overrun tester, was 90
percent.

The data obtained in this survey served as a basis for a syvstematic
study of the problem in the laboratories of this Station the results of
which are reported in this publication. While the figures presented
do not include all the data taken, theyv are representative.

Improvers Cause Shrinkage

Sinee it was found that adding the above improver to milk caused
the casein to be precipitated, and since the casein in the ice cream that

"The ecalculated sugar content of the mix was 14.3 percent.
*The overrun refers to the increase in volume of the ice cream in excess of
the volume of mix used.
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~hrunk appeared to be ma preeipitated form, experiments were made
ro determme whether or not there was anv relation between the use
of an improver and the =hrinkage of 1ce cream.  All the mixes u=ed n
these experiments were prepared from 40-pereent eream, plain bulk
condensed whole milk. skim milk. =ucar. and gelatn, and were homoge-
nized at 2.000 pounds pressure at a temperature of 145 F. Before
freezing, vanilla flavoring was added.

The mixes were aged for 24 to 48 hours in 10-gallon milk cans at
a temperature ranging from 357 F. to 407 F. The freezing was done
m a H0-quart brine freezer. The percentage of overrun was measured
with a Mojonnier overrun tester.  Samples were taken in Sealright
pmt containers (exeept in Experiment A, when 3-gallon cans were
uzedt and were stored mnoan iee-eream hardening room.

Expcriment A —A bateh of mix was prepared having approxi-
mately the following composition: 12 pereent fat, 11 pereent milk-
<olids-not-fat, 13 percent sugar, and .5 percent gelatin,

The homogenized mix was divided into two lots of 50 pounds each,
To one lot, one ounce of 1ce-cream mprover was added. At the end
of the aging period, the mix containing the improver was much more
vizeous than the control. Samples of 1ce eream were taken from the
freezer when each bateh had a 95 percent overrun.

Twentv-three davs after being frozen, a 3-gallon can of ecach of
the 1ee ereams was removed from the hardening room and placed in
a room having a temperature of 35° F. At the end of 3-hours the ice
cream containing the improver had pulled awaxy from the sides of the
can and sunk about three centimeters, whereas the control can was
~till normal.  The ice ercam= were returned to the hardening room
Tor future study.

Five davs later the 3-gallon cans were again removed from the
hardening room to a room having a temperature of 35° F. At the
end of 30 hours the volume of the control =ample was unchanged,
whereas the =ample containing the mmprover had sunk a total of 85
centimeters,

Eoepcrimant B—Batehes of 1ee eream =similar to the ones described
in the previous experiment were prepared.  The overrun in this case
wis 96 pereent on both lots, when samples were taken in pint con-
tainers,

Three davs after being frozen, a =ample of each lot was removed
from the hardening room and placed ina 60° F. incubator. At the
end of 45, hours, both =amples had softened and that contaiming the
mmprover had a =light mdication of <hrinkage.

Nine davs after being frozen, these same =amples were removed
from the hardenimg room and placed m a 607 F. meubator. At the
end of one hour the =ample containing the ice-cream Improver had
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dropped in the container .7 centimeter and at the end of two hours
the amount of shrinkage was 1.5 centimeters. The control sample,
altho =oft, had not shrunk, even at the end of two hours,

Sixteen days after being frozen, a sample of cach lot that had
never been out of the hardening room was placed in the 60° I, mcu-
bator for 1% hours. At the end of this time the sample containing
the ice-cream improver had pulled away from the sides of the con-
tainer and had begun to wettle. These same samples were later re-
moved from the hardening room and placed in the 60° F. incubator
at six different times during a period of 19 days. The total time held
at the higher temperature was 123 hours, At the end of this period
the sample containing the improver had settled 2.1 eentimeters in the
container, and had shrunk from the sides to the extent of .35 ecenti-
meter. The control sample, however, showed no signs of shrinkage.

To determine the effect of a more gradual rise in temperature
upon the shrinkage of the ice eream, pint samples of both lots were
placed in an iceless packer which was held at room temperature. The
refrigerant for the packer had been stored in the hardening room for
several days. The temperature of the hardening room was 8° I at
the time the packer was loaded. Four hours and fifteen minutes after
being placed in the packer, the sample eontaining the improver had
begun to shrink and pull away from the sides of the container. The
control was unchanged. The temperature in the packer was 18° I

Seven and one-half hours after being placed in the packer, the
sample containing the improver had completely pulled away from the
sides of the carton and had settled further. The control was still un-
changed. The temperature in the packer at this time was 20° I'.

Twenty-three hours after being placed in the packer, the sample
contaming the improver had shrunk about half-way down the carton
and was very much smaller in diameter. The control sample was still
standing as it was in the beginning of the experiment. The tempera-
ture in the packer was 28° I\

Four and one-half months after being frozen, pint samples of both
lots which had been kept continuously in the hardening room were
examined, and it was found that the control sample had not changed
in volume, whereas that containing the mmprover had pulled away
from the sides of the container and sunk .55 eentimeter.

Two and one-half months later these same samples (the control
still unchanged) were removed from the hardening room and a small
portion of each was added to about ten times its volume of cold water.
The control sample mixed with the water as would milk, whereas the
sample containing the improver only partly dissolved, small curd
particles settling to the bottom upon standing.  Figure 2 shows this
COMPAri=on.
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The remainder of the 1ee eream was placed in milk bottles, which
were i turn placed o water having @ temperature of 1400 17 to 120
I, for 15 minutes.  Then they were removed and held at room tem-
perature for 4 hours. At the end of this time the sample containing
the improver had about 21, centimeters of whey at the hottom,

Fra. 2 —Nevren Tew Creavt DILUTED
wiTit WATER
() eomtrol <anple and (B) sample with
Improver 2 added. Sumple B owas taken
vom g tvpieal “=hrinker.”  Both bottles
were shaken before the preture was taken.,

wherens the control =aple appeared to be a homogenous mixture.
(e 3.

Experiment C. It L~ been =hown that dec-ercam mmprovers are a
mixture of <everal substanees. Tt was thonght thar an enzyme present
m o the maprover was respons=ible Tor the =hrinkage. To prove this,
~onie X wies divided mto A5-ponnd Tots and treated as follows:

Lot Mix
\ . a o Control
5 T onnee of Trnprover 2 added
. ~ S enbie centimeters of rennet’ added
) 1 ermns of pep=in' added
11 crims of Tmprover 5 added
A o 8 1 RIOMIE P ‘ ziv:"" e test= for cither rennet I;v'»‘n

or botly.
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The mix eontained approximately 12 percent fat, 12 pereent milk-
<olids-not-fat, 12 pereent suzar. and .5 percent gelatin,

Four days after being trozen, two =amples of cach lot drawn at
100 percent and 125 percent overrun were held for 2 hours at 38" I..
rehardened, and measured the tollowing dav.  The results are eiven
in Table 3.

On the fifth and =ixth davs after freezing, the =ame =amples were
held at 38" F. for 1 and 2 hours respectively. and then returned to the

Fi16. 3.—MEeLTEp IcE CREAM AFTER
Breixc Heated

(A) control sample and (B) sample with
Imiprover 2 added. These are the =ame 1ce
creams u=ed in the experiment shown in
Fig. 2. Borrles containing the 1rozen ice
creams were placed in hot water (140° F.
to 120° F)) for 15 minutes and then held
at room temperature for 4 hours.

hardening room.  On the =eventh dav the meazurements were taken
i~ recorded in Table 3.

Samples that had been kept at hardening room temperature for
23 day= are shown in Fig. 4. The condition o1 the high overrun samples
atter being kept in the hardenine room for 4 months i= <hown in Fig. 5.

It 1= evident from Experiments A, B.and C that under certain con-
ditlons some types of ice-cream improvers will cause the lee eream to
shrink. Tt was interesting to nore that the ice cream manufacturer
who first reported the =hrinkage trouble had no recurrence ot the
deteet after e discontinued using improver.  That the shrinkage is
the result of an enzvme aetion on the milk proteins 1= evidenced by
the resultz obtained when rennet and pep=in were used in the mix.

Some improver: when used aceording to the directions of the manu-
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fueturers catscid areater =<hrinkage than others (Fieo 4 and Tuable 4.
This dilference was probably due to the differenee n the mount or
~trength of enzyvie in the improver as well as differenees in the
amounts reconmmended Tor use.

Froo f—snrivkwk iy Tes Criaat Stored 1N HarnexiNa Rooar 23 Davs

A emtrol somples (13 sample with Tnprover 2 added, (CY pepsin added,
Dorenner added, (F) Tmprover 3 added. Lower row =amples were drawn at
120 pereent overrun, Upper row =samples were drawn at 123 pereent overrun,

Tasre 3. SurinkAcE orF Tk CreEast DUk 1o 1ie PRESENCE OF
CrErTaiy Exzyyest

Nhrinkage

. Diameter Depth
Sample and treatment S pt

100-peret. 125-peret,  100-peret.  125-peret.

overrun overrun OVerriun o overrun
After being frozen 1 davs: cm. cm. cm. cm.
Ao Control . oge 0000000 ol 0 V] 0 0
B. Alix plus T ounee of Improver 2 0 0 0 .30
C. Nix plis 5 ceof rennet. oL (i o LoD ok .30
D. Mix phis B 1 grams of pepsin. 0 10 .20 .30
E. NMix plus 11 grams of Tm-
Prover ..o oo 0 0 0 0
Afrer heine frozen 7 x]:|_¥'~1
A Control L . o 0 }] () 0
B. Mix plus T onnee of Tmprover 2 10 H0 A0 70
C. N plas 3 ces of rennet : 20 S Bl 70
Do Aix plus 1.1 grmus of pepsin. 35 ot 10 70
E.o Mixo plus 11 grams of lin-
prover o o 0 ] 0 40

UIhe mix vused contained approximately 12 pereent fat, 12 pereent milk-solids-
not-fat, 12 percent sugar, and 5 pereent gelating Samples were kept in Sealright
pint containers,
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Factors That Encourage Shrinkage
The cause of the shrinkage of ice eream having been <hown to be
due to the use of certain ice-cream Improvers containing enzyvmes it
remained for the investigators to determine the factors or conditions
that favor the development of this defeet.

SHRINKAGE 1IN Ice CreEadM Storep 1N HarbENING Roox 1 MoxtHS

EIeN5,

These samples are of the same series as those shown in the upper row of
TI1g. 4 after a prolonged period in the hardening room.

Effect of Overrun on Skrinkage—The purposze of thiz experiment
was to determine whether or not the amount of overrun was a factor
contributory to the shrinkage of iee eream. In this study lee-eream
rennet and three different brands of improvers were u=ed aceording to
the directions of the manufacturers. The mix used contained approxi-
mately 12 pereent fat, 11 percent milk-solids-not-fat, 13 percent sugar
and .5 percent gelatin.

When frozen. samples were taken from each batell at three different
overruns as indicated below.,

Nample Low overrun  Medium overrun  High overrun
percent percent percent
Control. ... ... ... N3 97 125
Improver 2......... ... S0 100 1| 253
Rennet............... T 100 130
Improver 1. ... .. ... .. iin 99 125
Tmprover 3. ...... ... .. w 100 25

At different Intervals of time the 15 =amples were removed from
thie hardening room and placed in the butter-storage room for a short
time in an endeavor to bring about a shrinkage of the 1ce eream. The
results are recorded in Table 4. In each case the measurements were
taken after the ice ercam had been rehardened.

Thirtv-nine davs after freezing the iee cream. it was noted that
some of the samples that had never been out of the hardening room
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Lad beenun to <hrink,  The condision of the <anples containing -
prover 3 oat that e can be ~cen i Fioo 6.

A hich pereentage of overrun is o condition that tavors shrinkaae,
Thi~ probably helps to explain why the manutueturer mentioned i
dificulty with only a few ot the cans of lee ercam sent 1o his dealers,

Tanee 4 - Renatioy orF Overgtey iy Ter CREA To THE Aot NT or
Sppiskack Carsep ry FNzyar

Shrinkag
Sample Overrun S e
Diameter Denth

t dayvs after being frozen: belid ar 377 1 for 21, hours

Joret cm. one.

Improver 20000000 oL 2% 70 40
IR o ol ¥ o0 6 a0 6c o0 600 0o 130 10 R0
mRnseoR o T8 = e o o ol © o000 125 60) ALl

T davs after being frozen:s held ar 307 . for 2 hours

Improver 2. 125 70 120
limprover 2.0 .0 oo 100 25 1 00
tennet e gm—— 150 50 0
Renner 0L 100 S0 20
lprover 3. 0oL 2% 70 115
Improver 3¢ 100 20 S
10 davs after being frozen: held ar 31 FL for 2 hours
linprover 20000 o L 112259 90 1 30
| IR L e R 11 5 1.1
Rennet, . : o oz o 1.0 50 6
Rt s - o 0 P oo d ool 100 Al S
Rennet o8 o0 off o} TH 0 m
Iaprover 3 S S . 125 70 1.0
Iprover 3 o000 L 100 25 0
Linprover 5* 17 ] 24
12 davs alter being frozes: Lelil ar 37 P for 2 honrs
Liuprover 20000 0 L. 2% 40 1 35
O T S SRR 100 S 115
Rentiet B 150 70 ~0)
Remnes N o o 60 60
IRy - B i 0 185
Fiprover 3 . : ! 125 90 1 30
Fimprover 3 100 ) [0 RO
[tiprover 3t n () A

AL orhier smples uneboonged.

While ~tidying

welohits o 22 five-eallon cans or dee ercam filled o conseentny

the conditions m b= plant, be derernnimed e

e treezer, The eqdenlated overrnn was Tound 1o voary o i

pEreent too D28 peveent. Pl averame was S50 pereen

22 cun~ haed an overrun above 100 pereent,
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Relation of Acidity to Shrinfage—In order to determine whether
or not inereazed acidity was a factor favoring <hrinkage of the ice
cream containing an improver, o mix containing approximately 12 per-

bs

Fra. 6. —RELATION OF OVERRUN TO SHRINKAGE

These samples containing Improver 3 were taken
from the same bateh of 1ce eream but represent different
pereentages of overrun. Sample 1 eontains 77 percent
overrun, sample 2 contains 100 percent overrun., and
sample 3 contains 125 pereent overrun.  The picture was
taken after the samples had heen stored in the harden-
ing room for 39 dayvs.

cent fut, 11 pereent milk-=olids-not-fat, 13 pereent =ugar and .4 pereent
eelatin, was divided into four 45-pound lotz and treated ax follows:
Lot 1- Control, 4 ounces water added
Lot 23 ce. rennet added in 4 ounces of water X
Lot 320 grams of NattCO, added, then 3 ce. of rennet in 4 ounces of water,
Lot 4—20 grauns of lactie acid added, then 3 c¢e. of vennet in 1 onnees of water,

In euch case the rennet wax added to the eold mix.

Eighteen hours after being prepared. the acidity and relative vis-
coxity of cach bateh of mix were determined.  The actdity determina-
tions were made by titrating 18 grams (hy weight) of the =ample with
tenth-normal alkali. The vizeosimeter used was @ 17.6-ce. milk pipette
with the tip removed to within 1 inch of the enlarged portion of the
pipette. The resnults follow:

Sample Aeidity Viscosity!
perecit
Control. .. ... 210 1 min. 21.0 =ce.
ennet added. o000 N . 215 Nomn. 2305 =ee.
ennet and NallCO, added. .00 0. 190 2 min. 3.5 s=ee,
ennet and CLILO added 0000000 300 30 min. for 5 ce.

to dizcharge

The mixes were frozen after being aged for 24 hours and =amples
were taken from ecaeh lot ar 100 pereent overrun,

The vizeosity determinations were miade at 100 17,
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Fowr davs after heing frozen =amples of each Tot were removed
from the hardening roonn and held ac 45 B for two hours. After
beme rehardencd none of the =amples <howed any <iens of <hrinking.
This was repeated on ahe fitth, <ixth, and seventls davs. On the =ev-
enth day the tee eream containing the added acid shrunk slightlv. The

Tanr 5 Revarion or Trrearancy Acrry or Tep-Creast Mixoro The
AMOUNT OoF SHRINKAGE CAavsed BY IINzyyes

Shrinkage
Sample and treatment
Dinmeter ‘ Depth
After being frozen S davs: held at 45 F, for 2 ) )
ey . e em.
Control . oo 0 0
Rennet added o000 S e 10 10
Rennet and NatbCOoadded 00000000000 ~light 0
Rennet and CHO added. o0 0000000 10 A0
After bheme frozen 10 (l:l‘\‘sl held ot S 1. for
'..”1 hours
om0 . oy o o e o o o BMlo o o o M o oo M o 0000 so. 0 0
(Rl Qe e T o o o A 10 30
Rennet and Natlco added 00000000000 0 30
dennet and CHLO added. o000 00000000 20 H)
After heing frozen 11 davs: Leld at 500 1. {or
2 hours
Control .. o coooofoococnnnon booooo i ] 0
Rennet added -t e v U5 o 0D
Rennet and NatlCo added . o0 0. o 2 :
Renner and ¢ TR0 sdded 000000000 . 50 Kin

~minples were aeain =nbhjected to a higher temperature and rehardened.,
atter which ensurement= were taken, The results are given in
Tuble 5.

According to Fffront and Prescott” renmet and pep=in action in milk
1= nereascd by o ereascd aeidity and retarded by a redueed acidity.
The whove data medieste that the <ame thing holidz trae for the acetion
of rennet 1 tee ercan, Considerime the naxes to whieh rennet was
added mercasine the aeidity of the mix vesalted inan ereased vis-
cositv, whercens the addition of =odinm Iiearbonate resulted oo re-
dueed viscosnyvs The <hrmnkace tended o oceur o hittle sooner and

wets ol e erearer i the ease of the tee ereqam contaiminge the inereased
aetdity. Partial nenteahizaoion of the nox aeidity vedueed the tendeney
ol the tee cream to =hrink,

Foaicet of ML Nolids op Sheinlcage . T ovder to deternine the
poand the amonn of

relation berween the il ~olid= inothe e erean

Forvenn, Jon and Proseoinns S O P chesead entedyvsts el andd
nebistry. L00-F01, 1T8-176.0 1017,



506 BrireTixn No. 333 June,

shrinkage. three 50-pound batehes of mix were prepuared. having ap-
proximately the following composition:

Lot Fat MSNLE. Nugar Cielatin
perct. perct. peret. peret.
I8 oo oooooomMoonooo 10 10 12 b
2.0 R e 8 14 10 112 15
B N . ) 10 14 12 D)

To each bateh was added 5 ¢e. of rennet diluted with 100 ce. of
water.  The mixes were aged for 48 hours and then frozen. samples
being taken at 100 pereent and 110 pereent overrun.

10-14

Fra. 7—ReratioN oF MiLkK SoLIpS T0 SHRINKAGE

lennet (10 ce. per 100 pounds of mix) was
added to each of the three batches represented.
The ice ereams varted i milk solids as indieated,
the first group containing approximately 10 per-
cent fat and 14 percent m.s.n.f., and the third
agroup, 14 percent fat and 10 percent m.s. n.{. The
lower row =amples were drawn at 100 pereent over-
run and the upper row samples were drawn at 110
percent overrun.

Three davs after being frozen. a <ample from each Tot was held wt
39 F. for two hours.  After being rehardened no changes were noted.
On the seventlt and tenth days these =amples were held av #4 FLofor
iwo hours,  The measurement= taken after the lce cremm was re-
hardened are given In Table 6. The data <how that an Inereased
atmount of milk-=olid=-not-fat or an inercase in the coneentration ot
these ~olid= m the water of the nix nereases the tendeney for <hrink-
Ze tO Oeeur In 1ee creant containing an enzyvine.

Copditions Favorable for Evzune Activity—That there are certain
ondittons which are favorable to the shrinkace of dee ercaan 15 evi-



b ol Foszyate Acrviry or Toe-Cresyt Inirrovens S07

denecd by the result= shown m Tables 30405, und 6. This taer prob-
ably explains why not all munuractreers nsing the same noprovers
feeve trouble with <hrinkoge, and also why the muanutaernrer who ex-
perienees the ditienlty does not have all of hisdee creqn <loink in e
container<,  Ralsing the temperature at which the tee ercann is hielid
will hesten the shrinkage, and the Tonger the wee erean 1= Lield no<to-
aoe the aresrer the duaneer of <hrimkace.  Frois for these 1wo venson-
that the trouble often does not oceur unnl after the jee ercan his been

Tasre 6. Rerarioy or Mtk Sovms 1N [ep-Creay MIX To AvoeNt or
SHRINKAGE Cavsep ny Fxzywme

~hrinkoe

~ample and treatmenst Overrun ) =
Diameter Depel
After Being frozen 7 davs peret. cm. eni.
10 percent far, TE pereent me=ndfo o o d 110 0 )
10 percent tar, T pereent mesnfo o0 - 100 U 30
11 pereent fut, 10 pereent mesand. . o 110 0 10
TE pereent fat, 19 pereent mesanf.. oo - 100 0 0
10 prereent fas, 10 pereent mesad, o d 1o 1 t)
10 perveent far, 10 pereent mesnato oo o0 oL 100 0 1]
Afrer being frozen 10 days? i
10 pereent tat, T pereent mesnt. . 110 10 1 .30
10 pereent fai, 11 pereent masaat. . 1 | 100 10 1 00
1 pereent Tat, 10 pereent mezan.t. . . 110 0 20
11 pereent Tar, 10 pereent m.End. . | 100 ] 0O
10 pereent far, 10 percent me<nt. . d 110 () 0
10 percent fat, 10 pereent <.t 100 0 0

Fieure T <hows the comdition of the swnples afrer the tenth day.

delivered cand placed in the deater’s caliner. However, the uze of me-
v reirizerated cabinets may tewd 1o deszen the nmportance
ol the remperature factor, sinee they generallvy maintain a unitormly
LW Tetnperatire,

LS HERRRUER

I+ i1~ appurent from these experiment~ that the composition of the
I~ a1 hmportant factor in the texomre and quality of iee eream
dan nprover has been added. A small inerease in the amonunr
; e el present may o inerease the enzvime activity of the im-
prover thar Shrinkace results. More <lirinkaze 1= hable to oceur i
e ereson with o gl serum =olids content than in one with Jess of
these solids. Thzh overrnim also fuvors <shrinkace. To wonld <eem there-
Tore thar ek of caretul control over mannfacturing provesses may

prodice conditions that are mo=t favorable for the shrinkaee ot frozen

e eream.,
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SUMMARY AND CONCLUSIONS

1. Of the 12 commereial tee-eream Improvers studied, 11 contained
either pepsin or rennet or both; 4 contained starch. 11 contained sugar,
and 7 contained gum. It iz evident that with most Improvers the
“ripening” activity iz due primarily to rennet or pepsin.

2. There 18 a wide variation in the enzymie strength of the various
improvers as shown by the time required for them to coagulate milk.

3. The bacterial content of the improvers studied was relatively
Tow.

4. The addition of =odium bicarbonate inhibited the enzymic action
of rennet in milk while the addition of caleium salts hastened this
reaction.

5. Milk pasteurized at 145° F. for 30 minutes coagulated when
cither rennet or pepsin, or an improver containing these substances
was added.  Milk heated to extremely high temperatures (under 15
pounds of steam pressure for 45 minutes) did not show a coagulating
reaction. However, when a small amount of caleium chlorid was
added, thiz reaction did take place.

6. Improvers containing enzyvmes in powder form, are able to with-
stand a temperature of 100° C. for at least 45 hours.  Altho their ac-
tivity is =omewhat reduced, it 1= not totally destroyed.

7. The enzyvmes in rennet, pepzin, and an improver remained active
cven tho the ice cream to whieh they were added was stored i a
hardening room for 11 weeks. A further study proved the enzvies to
be active after 5 months.

8. Tt is possible to add improvers containing enzyvnies to an lee-
cream mix before pasteurizing without cauxing the mix to coagulate,
providing an excessive amount. of the enzyme 1s not present. The
action of the improver added in this way 1= accelerated by the follow-
ing factors:

(a) increased acidity

(b) 1nereased serum solids

() presence of gums or gelatin
(d) slow heating of mix in pasteurizing process

9. The presence of certain types of Improvers may causce ice eream
to <hrink. Some improvers are more troublesome in this respect than
are others,

10. The factors which tend to hasten the shrinkage of 1ee ceream
to which certain improvers have been added ave: (a) subjecting the
1ce cream to alternate high and low temperature; (b) long storage
periods; (¢) high pereentage overrun; (b inercased acidity: (e high
pereentage of milk-solids-not-fut or increased coneentration of these
solids m the water of the mix.
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