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ABSTRACT

Lactic acid bacteria (LAB) play an important role in fermented products such as yogurt and
proteolytic enzyme for industry used. The main roles of LAB are the production of lactic acid and
proteolysis of the substrate to release peptides and free amino acids. In this study, peptide of nisin
composed of 34 amino acids and Y-amino butyric acid (GABA) derived from free amino acid were
investigated. Nisin as a biopreservative peptide produced by cleavage of leader peptides by specific
peptidase from Lactococcus spicies. It inhibits biosynthesis of DNA, RNA, protein and
polysaccharides in food poisoning bacteria and recognizes as safe. In addition, GABA produces
from the substrate of glutamic acid by glutamic acid decarboxylase (GAD) enzyme. It inhibits
neurotransmitter at nerve receptor site to reduce blood pressure, sleeplessness and depression
symptom. The objectives of this study were to produce nisin using soy milk as medium and use it as
biopreservative in pasteurized soy milk and tofu. The investigation included the optimal condition
for GABA synthesizing from glutamic acid as substrate by LAB and applied to use in food
products. The research was conducted at Post-harvest and Processing Research and Development
Office, Department of Agriculture during October 2011 - September 2013.

In this study, Lactococcus lactis 1520 (Lc. 1520)alone or together with Lactobacillus
delbrueckii 892 (Lb. 892)were inoculated in sterilized soy milk growth medium fermented under
nitrogen. Temperature was control at 30°Candstirred at 80 rpm. Clear zone method was using for
nisin detection. The results showed that acidity was produced mostly by Lactobacillus sp. during
pH 6.4 to 3.8. It was dropped to 4.0 within 10 hours. As the result, the production of nisin was in 24
hours and there were nonsignificant difference comparing to 48 hours. To comparison, nisin
produced by Lc. 1520plus Lb. 892was higher than Lc. 1520 alone in 24 hours. There were
significant difference (p<0.01). Moreover, to study the optimal condition for synthesizing GABA,

the three LAB; Lactobacillus plantarum ATCC 8014 (Lb. 8014), Lactobacillusbrevis NCIMB 947
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and Lactococcus lactis NCIMB 701007, were examined. The results showed that LAB which had
the highest ability to synthesis GABA was Lb. 8014. It could synthesize GABA as 162.1 mg/100g
when the MSG had change from 0% to 0.1%. After that the application GABA fermentation was
performed in Chinese cabbage fermented to produce a product with high GABA as the sandwich
spread. Furthermore, the GABA synthesization by LAB was applied in mushroom because it
contained high amount of glutamic acid which was the precursor of GABA. The results showed that
although mushrooms consisted high content of glutamic acid but LAB could not use it as the
precursors in the synthesis of GABA. When GABA was determined in fermented mushroom, it
showed small amount in the product. This could estimate that LAB could not utilize glutamic acid
occurring in the mushroom. On the whole, soy milk has potential to use as an alternative medium
for nisin production and it has strong possible to use as the biopreservative for soy products such as
pasteurized soy milk and tofu.In addition, GABA was used for products with high GABA as the
sandwich spread. Consuming 100 grams of Chinese cabbage sandwich spread contained GABA

93.2 mg and also gained 213.18 kcal of energy.
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Research Center, 2007)
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1.38x10” 1.45x10°cf/ml md1@D on13U Le.1520 MsnsauanIagega (Exponential phase) 0¢
' ' o s a ° < I 10 X =2 A
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ﬂﬂf’NL’JaW]llﬂ?ﬂ;]ﬂiEJ”IGU?N]luGBUE;NQfWIJuﬂQﬂUﬁiﬂwu‘ﬁﬂlﬂ\u%@ﬂﬁiﬁqu“ﬁuiﬂElmaﬂﬂqﬂi]ﬂ
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1 a . - g ~Aq ¥ 4 ..
NANVDITITLIEMSIAL In (Exponential phase) HazdlIuUN I N 1FnadouInaes lau (Nisin

sensitive strain) %ﬂ@%}’sﬁl(Nissen-Meyer, etal., 1992)
a 4 < { Y] =Y 4 [ a
Han1s A1z uua urnaean lFwiinidsuiaas Tulaasa Tdsau lvifu dSua
2 A ¥ . A < & g
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Table 1 Nutritive value in soy milk as mediumfor nisin production

Nutritive value Percent
Carbohydrate 15.88
Protein 0.83
Fat 0.53
Moisture 82.64
Fiber 0.17
Soluble solid 15
Total solid 17
Ash 0.12
Calories from fat 4.77
Total calories 71.61

a 4 1 1 9 a A Y dy A A a a 9
PsuwvesasTulamsadnanenisad e luguilesdroouvaiGouananuosaly
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5) LAZUANANNTMSIAEI1UD1MIT MRS N1 48 ¥2 119 (P<0.05) anasanainnuilunsaluaig
@ 2 oA I ' 3 = o
10 2 T09U5NY0INSIA8Y Le. 1520 agnadednnuilunsalianas (Figure 4) Wisuiounums
dy dy 1 @ 1 < I ] < I
@OUFD Le. 1520 50N L5.892 anaded 195 1ty 4 Tuyie 10 93 1ue vazasauily 3.8 Tu
@ a 4 aa 4 1 @ ¥ 1 o
1181 24 $2 119 HAINTIZHNADAVDUATST TBUNDNIMINUNFO Le.1520 AIUFAY £5.892 Tu

na1 24 wag 48 ¥lue PSunaluguludianuuanaenadaseiiiedinny (p>0.05) 1u
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7 T 20 7
6 E m
5 € 15 -
I 4 gy e e —— — i - N — I — — +LC g .
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: Lc.+Lb § 10 7
2 c.+Lo. N Lc.1520+Lb.892
1 § . |
0 S
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Hours 24 hrs 48 hrs

Figure 4 The pH of soy milk inoculated withZLc.1520 Figure 5 Nisin activity by clear zone inoculated with

alone and Lc.1520 plus L5.892 Le.1520 alone andLc.1520plusLb.892 in

soy milkmedium
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Table 2 Analysis of variance of nisin activity inoculated withZc.1520plusLb.892in24 and48 hours

Lc+Lb 24 hrs. Lc+Lb 48 hrs.

Mean 13.19444 16.5
Variance 3.153093 4.119318
Observations 45 45

df 44 44

P(F<=f) one-tail 0.189369

a 4 aa 1 ] " 1 [ a a
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Y 1
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= Y Y v g’/ A = A a A a a FY a o d Y Y ]
lJLLu'JI‘L!ll611«!ﬂTﬁi%ﬂUﬂQﬂWﬁLﬁ@ﬂJlﬁﬂlu@ﬁﬂ?ﬂllﬂﬂﬂlﬁﬂllﬁﬂﬁﬂl!@cﬁﬂul,ﬂﬁluWﬁﬂﬂﬂ!“m@nﬁllwu

wanddeaay nsudmmsneas szl 2557 m 57



Table 3 Lactic acid bacteria (LAB) andLactic acid in pasteurized soy milk storage

Storage3 weeks 10°C LAB' Lactic acid’
Nisin (ppm) cfu/ml g/100g
0 4.3x10° 0.19
10 2.1x10° 0.09
20 1.0x10° 0.11
30 5.2x10° 0.07

"ISO: 5214: 1998

? In house method based on Food Research International; HPLC analysis

Table 4 Enterobacteriaceae andlactic acid bacteria in soy bean cake after storage at 10°C

Soy bean cake Enterobacteriaceae LAB
storage7 days 10°C cfu/ml cfu/ml

Nisin (ppm)

0 2.8x10" 1.1x10"
30 3.9x10’ 1.2x10°
150 4.0x10° 1.0x10°
750 1.6x10° <10 (None)
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Figure 6 Lactic acid bacteria in soy milk yogurt inoculated withLc.1520
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Figure 7 Nisin activity by clear zone in soy milk yogurt at 24 and72 hours
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Table 5 Sensory evaluation of soy milk yogurt by 34 panels.

Flavor Sweet Color Viscosity Sour Odor Acceptance Average
Sara 6.33 6.65  5.62 6.14 6.43 643 6.27"
Soy 6.00 521 490 5.53 579 584 5.54"
Orange 5.95 6.44 479 5.39 521 547 5.54°
Stawberry  5.63 6.53 542 5.42 584 547 5.72°
Apple 5.84 574  4.63 5.37 484 516 526"
Lychee 5.37 574 468 4.53 479  4.63 4.96"
Bitouy 5.21 563 495 4.47 463  4.58 491"
Vanilla 5.26 432 432 4.37 500  4.47 4.62°
Std Dev. 0.40 0.78  0.43 0.63 0.64  0.69

Mean with the same superscript letters are non-significant difference (p<0.05) by DMRT.
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Table 6 Acidity pH soluble solid and total solid of soy milk yogurt

Flavour pH Citric Lactic Soluble solid Total solid
acid'(g/100g) acid'(g/100g) (%) (%)

Sara 342 2.06 0.93 15.6 17.7

Soy 344  1.36 0.64 15 17.03

Orange 348 1.86 0.87 15 17.59

Strawberry 3.43  1.93 0.9 15 18.51

Apple 34 1.83 0.86 15 17.47

Lychee 353 1.82 0.86 16 18.42

Bitouy 3.52 191 0.9 15.8 17.03

Vanilla 3.56  1.86 0.87 15 17.08

"In house method based on Food Research International; HPLC analysis

Pnawaaanimdunertesnuasemsnnng Inauazuan Taads bifl lununaundosTagh
LAB i%ﬂm"lwg"?ﬂ“lumu’mﬂmmmua‘%c’fiu (Pyruvate as the principal final H receptor in

metabolism)

Lactose Galactosidase from LAB — D-Glucose + D- Galactose

Glucose —— Pyruvic acid —— Lactic acid
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Table 7 Growth of LAB of 3 spicies after fermentation at 37°C 48 hours

NaCl 0% 0.5% 1.0%
MSG
0% - ++ +
0.1% - ++ +
- means not foundLAB
+ means LAB > 103cfu/g
++ means LAB > lOscfu/g 107cfu/g
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GABA (mg/100g)
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Figure 8 Synthesis ofLactobacillus plantarum ATCC 8014, Lactobacillus brevis NCIMB 947

andLactococcus lactis NCIMB 701007 at 0 and 0.1% MSG by weight
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Table 8 Glutamic acid andGABA content in dry mushroom

Types of mushroom Glutamic acid
(mg/100 g)
Oyster mushroom 5,044
Straw mushroom 4,109
Indian oyster mushroom 3,742
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Table 9 Formula of fermented mushroom for GABA synthesization

Formula (g) 1 2 3 4
Steamed 750 750 750 750
mushroom

Garlic 30 30 30 30
Sticky rice 100 100 100 100
MSG 2.75 0 2.75 0
Salt 17.6 17.6 26.4 26.4
Lb. 8014 3 3 3 3
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Table 10 Nutritive values of Chinese cabbage of sandwich spread containing high GABA

Nutritive value of Chinese cabbage sandwich spread contained GABA

(100 g of edible part)

Total calories 213.18 Kcal
Total calories from fat 133.02 Kcal
Total fat 1478 g
Saturated fat 256 g
Cholesterol 0.00 mg
Protein 2.86 g
Total carbohydrate 1718 g
Fiber 276 g
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Nutritive value of Chinese cabbage sandwich spread contained GABA

(100 g of edible part)
Sugar 6.01 ¢
Sodium 647.87 mg
VitaminA -
VitaminB1 0.08 mg
VitaminB2 0.00 mg
Calcium 11.98 mg
Iron 0.78 mg
GABA 932 mg
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33NN U (Table 11)

Table 11 GABA content in food products (Matsumoto ef al. 1997)

Food Items GABA content (mg/100g)
Dry tea 100-200

Melon 74.5
Tomato 62.6
Kimji 59.4
Chocolate 14.5
Brown rice 10.0
Pumpkin 9.7
Tofu 6.4
asilwamnaaas

Y a
mIaa 1 ludu
dy dy == a a Y U A
MIaeuFouUaRGouananueda laun Le.1401 Le.1520 Lb.938 Uag Lh.1034 11D
a a a 4 =4 =< 1 9 a o LY dy
nagaumInan ludu Tagmsuaiiznaass lsudalunumsaielududmsuido Le.1401
Y 9 v
Lb.938 1Az Lb.10348n13U Le.1520 wunimiade luduluminaaouesmiis@sudsuud anaod
] ¥ (Y] 4 [ [ @ I 1 <
AIWMININITD Le. 1520 AIUGNY Lb.892 todie1seoasnnuiunsaldanasednsiadaz

=\ [ Y] 9 a dy 1 A =Y A A a o dﬂl
3Jmmaammwmw"lwnummwa Lc.1520 ﬂﬁ'I'Jﬂ’E]“lJiiJ'lil‘lhluGIquLﬂﬂﬁﬂﬂﬂ1§W3JﬂL"]f@ Lc.1520

wanddeaay nsudmmsneas szl 2557 m 65




Ll % Q'J =) 1 =Y H =) (%] g 1
3900V £5.892 Tuan 24921 Tua J15uaunan luguimnaainmsniinie Le. 1520 081310872

£
Aav A

o ' v o w I o ' <
lunan 24 ¥ Tus edntivednny (p<0.0DOWITeiliumsAunuaTwsnIINs Iunuraes

o v ¥ ' - A < 4 Y
Huemsidesdoronan luguniamsdiianuiull1dgeannsoasdunuldiodiouny

= gl/o/ =) £

dy dy a A 3 I A a Ay Yo a
DIUITLAYILTIVTUADUS) BNN ﬂ’Jlﬁﬂ’ﬂﬂﬂﬂLﬂuW“D’LﬂiHj}ﬂ‘ﬂﬂUlﬂiUNﬁf‘li%ﬂ‘].l’iﬂﬂﬂ"lﬁlﬂﬂﬂﬁ']ﬂ
v

Y = = Av A o 9 Iq 9 4 a A 3 o
NITAVFTIDUBYU QmmﬂuENUlﬂﬂizﬂﬂmGlslfﬂizTEJG]SLH]1ﬂ"lw]5u1uﬂ”lifmf)”lfm”li!mﬁﬂm

L Q

a [ s Y a dy 1

HAAAUNAINITIAN TUFUIAZMIIANTD Le. 1520 wunmsay TuguTagasseusodneigns

3 o o A @ 4

J A Y 9 = 9 A a - 9
usnIuNDaeINaaee lsd naadauadjury Tnaliuuaiissuananuedadgaiiil
) y - < - .
prnsnamsyanfserlidsumanas dalianuiuldlumsverenans1dTugulunmsduegs
{ a A a a A S o a o J '
msyannreuuaiGouaadnueFauaz @11 nNNoIYMSIN SN INaAd A uHY 1§
= a & A ad o A Y= 1 9
UONIINHUAIMTAUTO Le. 1520 awnsagaoiglomianinuunamaesdiisanfseniosaslag

9 a < a [ I'd ] A A A Aad 9 A
W‘Uﬂ']‘iﬁi%?lluclfuﬁluna'l 24 ‘]f'JIlN NANNUNUNDAUNADINAY L. 1520 (IULﬂiﬁWi@MﬂN) 83d

Y a Y

Y 1 2 A Qy = < A 1A A 9
1&un aud a1 du wetha luime ansewes aazuazsanunass (luAunau) daou
puUAeUNINTILIY 34 AU AFua i Ingreusdaay sesaslife sanuvdaes Cludunaw) se

v A
ansowes du uotila uazluwe auday fnadeusuuinaiudeans 1HU5uTe anumiia

= 2 Y I a X 1 <] a a Y J ad Y 9 a =\
fuaznaulmiusssunaniniu ed13lsnaunsus nandanua lonsauugus Inad

v
a v AaA A

JagUszasdaeensys Inagauniduan ImnFadaniiquavtiailulylsluledn (Probiotic) ¥4

E
v

) a ] o = a a A A S o Y a o o Y o &R K
gn Uﬂﬂllﬂﬂjﬂllucﬁuﬁﬂ!ﬂu W1ﬂ3Jﬂ1§Li§]3JhlLIG]ﬂJLWﬂﬂﬂ@1fgﬂ”lilﬂﬂiﬂy1@jwaﬁﬂuﬂu@ﬂQﬂTLNﬂ\‘I
A a Ad a 2qv 2 v Ao 9 ' A o Aa o I
ﬂTiLWNﬂ%NTﬂ!ﬂauﬂiﬂ%uﬂuiﬁqqmuﬂfmﬂ”lﬂﬂaﬂ153§]flﬂ"li(l‘]fﬂixjﬂﬂfu“llﬂﬂllucﬁuwﬂWa@ﬂﬂ!cﬂ
° 0 Y v A o ¢ a A Aa < A 3 ' Yy
i’)”l‘ﬁ”li@"lﬁ]u"lllﬂﬂigQﬂ@ﬂ“lfﬂ‘ﬂWﬁ@]ﬂmcﬂ%uﬂ'ﬂu"]V]NUNﬂfJLﬁaﬂQLﬂUﬁ’Juﬂizﬂ'ﬂ‘ﬂllﬂﬂﬁlfl
v d 9
NIIAUAIITHNIU
o 4 g’/ v
INNITNAADIFTUATIEH GABA I@EJ LABN3 3 ﬁ']flwu‘ljﬁ@ Lb. 8014, Lb. 947 g Le.

701007 Wy Lb. 8014 Hanwawisalumsdunsizd GABA Idgaiigalumsduniizid GABA

[ a

Tag LAB lidnnsadaduldaindSuunsangaiinsudunlogluiagaula n19vi pickle

q

A I (% d { 1
pickling test (53AY vz lumsnaaauaNuaINIsolumsdunsey GABA luilosdu LAB e

' '
[ a a =

v o v a g v v o ¥ o A
azdonugIzMunnuingauis udun lumilounu auiumndesmsldiagavous Tunsi

aQ

= =

o Ia
Y3118 GABA 1zApalimsAndiaewu g iumngauaag

) Aa v d
msvhwandIde N Filse Tawd
= I Y ! a o & 491 A A a
Nﬂ')']lllﬂullﬂulﬂGLUﬂﬁlﬁsllfJ']fJWﬁﬂﬁliﬂlsb'llu“]fuGLHﬂ']ﬁfJ‘UfNﬂ']ﬁll“ﬂﬂ1ﬂﬁf@tlﬂﬂ1ﬂlﬁﬂllaﬂ9’]ﬂ

a A 3 o a o o ) o '
Ll@cﬁﬂllagﬁ']u']ﬁﬂLWiJfNﬁ!ﬂ'ﬁlﬂ‘Uﬁﬂ‘H']Waﬁﬂm“ﬂuuﬂﬂlﬁa@qwaqﬁm@qﬁ% lﬁgll']ﬁlllwuulﬁjllazfﬂ']ﬂ

@ 4

pam 9o 15z Temives ludununaasusiormsmusoii il szynd 16 i unan s

A A { & I 1 g A A
sHadua N TN unaesduanilsznevlddrsuenaniilumsiiuisuna GABA Tasmsld

66 ﬁé waaAdgden nsudmnmaneas Uszdll 2557




o o v a o 4 1 1 1 1 Y
LAaBa s hlsegnd lgnumaasmaiomsulsgaisg #ilin1s 14 LAB ogud 1vu dnaoq

a ad A 1 Y = = = v A A Y a 2 éj
Aud Tetnsa 130 Uruy LL@@T%@]@QMﬂTﬁﬁﬂHTﬂQﬁTﬂWH‘E‘VIL‘WJJ”IgﬁiJLW@‘lﬁLﬂﬂﬂTiLWiJ"llu‘lJ@Q

GABA g4ga

fAvounm
a A ¥ o Ao dy a o <3 o Yo
ﬂJ@ﬂJﬂ‘UﬂmﬂiuTlﬂﬂﬁm‘ymﬂ"lﬂﬁuumgunumﬂu AT LATNFY AANINYT HOI1UIYNT
9 a

0o v Aw o a o < a a : o 4
ﬁ']uﬂ'mEJ!L?I$W?‘JHJTJ‘VIfﬂﬂ']ﬁﬁﬁﬂﬂ?ilﬂﬂlﬂﬂﬁllagllﬂigﬂWﬁﬁwa!’ﬂ‘]ﬂﬁi miﬁmmmmuwammm

{ a @ 3 A a { o o
INHAT ﬁ}@msmmﬁ}mmmmiﬂmmsm‘umm NIVABINTTINHAT ﬁ”lﬁmlﬁ}mmuﬂuuz NAUNTON

U o

av o 1A v aw a o o Yy a A J
\'ﬂu?i]El!ﬂu’é)iﬂx‘]ﬂllazéllﬂ"ll@Uﬂﬂ!ﬂﬂwuﬂ’mElﬁllliﬂi\iﬂﬁﬂﬁﬂﬂLLﬁ%WGMHWﬂWii%ﬂauﬂiﬂiuﬂﬁllﬂ‘i

a

a < ' dy
gﬂWﬁ@]Wﬁ!ﬂH@]i!ﬂuﬂ’l‘l’ﬂﬁnﬂ“l/l']l.lll'l U I’E)ﬂ']ﬁu

(ONA1391999

dninfime. 2552, a5.5a 152 wyjtunhsesimjtiudusanlsadesufaasannsthonas
IToBINUD9U T TUIIN www.moph.go.th/show hotnew.php?idHot new=22869. NTENTN
TIDITUGU, NTAUNNA.

DIOUIA w’%yqﬁaﬂz, 2550. uuAfis leduiaannuuafitouanan, NIMTIMNIAS 23; 145-
160.

Ashton, H. 2014. THE BENZODIAZEPINES: WHAT THEY DO IN THE BODY. from
http://www.benzo.org.uk/manual/bzcha01.htm.

Benkerroum, N. and Sandine, WE. 1988. Inhibitory Action of Nisin against Listeriamonocytogenes.
Journal of Dairy Science. 71; 3237-3245.

Deegan, L.H., Cotter, P.D., Hill, C., and Ross, P. 2006. Bacteriocins: Biologinal Tools for Bio-
Preservation and Shelf-Life Extension. International Dairy Journal. 16; 1058-1071.

FDA (U.S. Food & Drug Administration) /Federal Register. 1988. Nisin Preparation: Affirmation of
GRAS Status as a Direct Human Food Ingredient. 21 CFR Part 184, Fed Reg 53; 11247-
11251.

Gibbs, BF. Zougman, A., Masse R., Mulligan, C. 2004. Production and Characterization of Bioactive
Peptides from Soy Hydrolysate and Soy-fermented foods. Food Research International. 37;
123-131.

Ishikawa, K., and Saito, S. 1978. Effect of Intraventricular Y-Aminobutyric Acid (GABA) on
Discrimination Learning in Rats. Psychopharmacology. 56; 127-132.

JAICA andHiroshima Prefectural Food Research Center. 2007. 1one151senaumsilneusy Food

Processing and Preservation Technology I11.

wanddeaay nsudmmsneas szl 2557 m 67




Klaenhammer, T.R. 1993. Genetics of Bacteriocins Produced by Lactic Acid Bacteria. FEMS
Microbiology Review. 12;39-89.

Korhonen and Pihlanto, A. 2003. Food Derived Bioactive Peptides-Opportunities for Designing Future
Foods. Curr Pharm Des. 9; 1297-1308.

Matsumoto Y, Ohno K., and Hiraoka Y. 1997. Studies on the utilization of functional food materials
containing high levels of gamma-aminobutyric acid (Partl). Ehime Kougi Kenkyu Houkoku.
35;97-100.

Nettles, C.G., and Barefoot, S.F. 1993. Biochemical and Genetic Characteristics of Bacteriocins of
Food-Associated Lactic Acid Bacteria. Journal of Food Protection. 4; 338-356.

Nissen-Meyer, J., Holo, H., Havarstein, L.S., Sletten, K., and Nes, I.F. 1992. A Novel Lactococcal
Bacteriocin Whose Activity Depends on the Complementary Action of Two Peptides. Journal
of Bacteriology. 174; 5686-5692.

Okada, T., Sugishita, T. Murakami. T., Murai, H., Saikusa, T., Horino, T., Onoda, A., Kajimoto, O.,
Takahashi, R.,and Takahashi, T. 2000. Effect of the Defatted Rice Germ Enriched with GABA
for Sleeplessness, Depression, Autonomic Disorder by Oral Administration. Nippon Shokuhin
Kagaku Kogaku Kaishi.47; 596-603.

Vermulapallli, S. and Barletta, M. 1984. The Role of the Sympathetic Nervous System in the
Cardiovascular Effects of Systemically Administered 7-Aminobutyric Acid. Arch. Int.
Pharmacodyn. 267; 46-58.

Yang, R., and Ray, B. 1994. Factors Influencing Production of Bacteriocins by LAB. Food
Microbiology. 11; 281-291.

Wood, B.J.B., and Holzapfel, W.H. 1997. The Lactic Bacteria: The Genera of Lactic Acid Bacteria.

Blackie Academic & Professional, New York. p.7-15.

68 m waaAdgden nsudmnmaneas Uszdll 2557



